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INTRODUCTION 


Compressed  Air  like  electricity,  natural  gas,  water,  special  gases  and 
telephone  service  is  a  utility  to  the  industry.  It  is  also  like  these  because  it 
costs  money.  The  need  to  recognize  this  can  become  compelling  if  the 
cost  per  year  reaches  the  amounts  determined  in  this  study. 

We  must  think  of  a  yard  Compressed  Air  System  as  a”  power  plant”  which 
contains  capital  machinery,  a  distribution  system,  a  fuel  source  and 
supply,  an  operating  plan  and  strategy,  and  an  operating  /  maintenance 
budget.  When  this  vital  utility  is  put  into  this  perspective  we  can  start  to 
deal  with  the  considerations  of  systems  engineering,  planning, 
performance  evaluation,  cost  control  and  preventive  maintenance;  the 
same  as  any  power  plant  operator. 

Do  we  know  what  the  Air  costs  that  our  system  produces?  This  is  one  of 
the  very  first  questions  that  Scot  Foss  asks  when  conducting  his  seminars 
or  engineering  consulting  projects. 

We  shall  be  referring  to  information  found  in  various  publications  that  were 
authored  by  Mr.  Foss  and  will  use  his  very  well  developed  approaches  to 
analyzing  compressed  air  systems,  just  as  was  done  for  NASSCO.  The  ex¬ 
perience  with  that  specific  yard  system  covers  some  12  years,  identifies 
key  milestones  in  system  improvement,  as  well  as  maintenance  practices 
and  related  costs. 

The  approach  in  this  study  to  evaluating  maintenance  costs  determined 
very  early  on  that  the  maintenance  and  operation  of  most,  if  not  all, 
shipyard  compressor  systems  are  inseparable.  At  NASSCO,  the 
Maintenance  Department  is  responsible  for  directly  operating  and 
maintaining  the  air  compressors  and  distribution  system.  Therefore  it  was 
necessary  to  explore  the  best  thinking  in  air  systems,  including 
engineering,  planning,  operational  strategy,  and  preventive  maintenance 
strategy. 

This  report  is  intended  to  trace  the  NASSCO  compressed  air  system 
evolution  through  a  number  of  years  of  history,  showing  the  impact  of  the 
changes  on  costs  and  operational  strategies.  These  changes  mark 
milestones  which  relate  to  specific  issues  developed  by  Scot  Foss  in  his 
programs  for  improving  system  performance. 


IT’S  ONLY  AIR  ! 


A  BACKGROUND  TO  THE  PROBLEMS  OF  MANAGING 
COMPRESSED  AIR  SYSTEMS. 
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IT’S  JUST  AIR! 


Wrong!  The  air  we  generate  to  operate  the  machines  and  tools  of  our  yards 
may  often  be  passed  off  as  being  free  like  that  of  our  atmosphere  and  not 
command  our  attention  so  long  as  the  “  flow  is  good  and  the  pressure  is 
sufficient”.  However,  this  is  simply  not  the  case. 

Compressed  air  is  a  utility  which  carries  a  cost  per  cubic  foot  just  as 
electricity  has  a  price  per  KWH.  Since  yards  operate  their  own  systems  that 
cost  can  vary  from  installation  to  installation.  Factors  will  be  quite 
different: 

*  Electricity  rate  in  a  given  area. 

*  System  configuration. 

*  Compressor  equipment  age  and  capacity. 

*  Condition  of  the  distribution  system. 

*  Regulation  of  the  system. 

There  are  others,  but  one  can  see  that  the  cost  will  be  system  specific. 

Therefore  the  economics  of  a  system  deserves  early  evaluation  and 
analysis,  and  sets  the  stage  for  the  other  steps  which  may  follow  in  order 
to  change  and  improve  a  system.  How  many  yards  know  how  much  air  is 
being  used  and  what  that  air  costs?  How  many  yards  have  made  an 
engineering  evaluation  of  their  system  in  terms  of  productive  efficiency? 

Even  if  the  maintenance  costs  for  a  specific  system  are  recorded  and 
accounted  with  great  detail  and  accuracy,  these  costs  are  not  meaningful  if 
the  efficiency  cannot  be  accurately  evaluated.  As  a  result,  system  improve¬ 
ment  may  not  be  planned  and  engineered. 

Scot  Foss  in  a  series  of  three  articles  in  Maintenance  Technology 
magazine  sets  forth  an  excellent  overview  for  Managing  Compressed  Air. 
The  articles  are  titled  Economics  of  Compressed  Air,  Auditing  Compressed 
Air  Costs,  and  Controlling  Demand  in  Compressed  Air  Systems. 

SUPPLY  CONTROLLED  SYSTEMS. 

If  the  system  under  review  consists  of  compressor(s),  distribution  (piping), 
and  the  connected  equipment  and  tools  but  has  no  regulation,  the  system 
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is  as  basic  as  can  be  found  in  the  smallest  of  shops.  This  is  a  SUPPLY 
controlled  system,  in  which  the  user  operates  his  equipment  and  when  that 
equipment  demands  more  pressure  and  flow  than  the  system  can  supply 
“more  capacity  is  obtained”  in  order  to  meet  the  increased  demand.  The 
supply  is  creating  the  demand.  This  is  a  vicious  cycle  and  can  victimize  the 
best  operated  yard. 

Another  way  to  look  at  the  problem  is  Uncontrolled  Demand  which  creates 
a  cycle  where  system  pressure  is  increased,  via  the  application  of  greater 
amounts  of  energy,  until  the  resulting  air  flow  exceeds  the  capacity  of  the 
distribution  piping  and  the  delivery  pressure  drops.  Back  to  “the  need  to 
add  compressor  capacity”. 

Additionally,  where  controls  are  absent  or  inadequate  the  user  demand  as 
well  as  line  leaks  become  a  function  of  supply  pressure.  As  the  supply 
pressure  rises  the  flow  rises  proportionately. 

All  of  this  builds  toward  the  issue  of  cost. 

COST  EVALUATION. 

For  the  moment,  look  at  the  basic  question  of  the  right  way  to  measure 
cost  and  return  to  the  system  configuration  question  at  a  later  point.  The 
supply  system  makes  it  difficult  to  measure  or  calculate  costs  since  the 
lack  of  a  truly  controlled  system  forces  the  necessity  to  evaluate  parts, 
such  as  the  compressors  on  a  stand  alone  basis.  The  operating  cost  of 
the  compressor(s)  can  be  calculated  based  upon  HP  rating  and  therefore 
(calculated)  electric  power  consumption.  These  can  be  metered  over  a 
period  of  time  and  therefore  an  even  more  accurate  consumption  of  power 
may  be  determined.  The  capacity  of  the  compressor(s)  can  then  be  related 
to  the  consumption  of  electrical  power  and  the  cost  /  100  CFM  can  be 
derived. 

The  problem  with  this  method  is  that  even  if  performed  with  great  skill  and 
accuracy  it  does  not  relate  to  the  various  demand  loads  of  the  system,  but 
at  best  to  the  efficiency  of  the  compressor(s). 

The  proper  method  and  unit  of  measure  should  be  production  demand  or 
cost/hour/1  00  CFM.  Scot  Foss  puts  this  into  the  following  equation: 

TOTAL  SYSTEM  COST/HOUR 

COST/HOUR/1 00  CFM±" - 

DEMAND/100  CFM 
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The  full  engineering  calculations  needed  to  support  the  complete  working 
analysis  of  all  the  contributing  factors  is  contained  in  the  appendix. 

The  components  of  Compressed  Air  Costs  are: 

*  Power  (Electricity/  other) 

*  Cooling 

*  Drying 

*  Maintenance 

*  Operation 

*  Depreciation 

*  Other  (i.e..  G&A,  Insurance,  etc) 

The  tasks  required  for  any  complete  evaluation  are: 

*  Identify  the  complete  system. 

*  Quantify  the  Air  Supply  (Demand  and  Leakage). 

*  Quantify  the  operating  cost  to  sustain  the  supply. 

Production  Demand  is  the  ideal,  true  measure  of  use.  However,  Total 
Demand  is  what  is  found  in  most  yard  systems  and  is  made  up  of  the 
following: 

1  Production  Demand  (the  real  requirement). 

2  Artificial  Demand  (caused  by  having  a  supply  pressure  that  is  higher 

than  is  required  at  point  of  use,  thus  delivering  more  air  than  the  use 
requires). 

3  Line  Leaks. 

HOW  TO  PUT  THE  COST  UNDER  CONTROL. 

The  ideal  operating  system  with  the  optimum  cost/hour/1  OOcfm  is  one  in 
which  the  “on  line”  compressor  capacity  exactly  equals  the  “real” 
production  demand.  This  is  a  system  with  no  “artificial”  demand  and 
without  “leaks”,  and  uses  “off  line”  compressor  capacity  for  standby 
purposes. 

Good  Operating  Practice  uses  the  rule  that— - 

(1)  All  compressors  that  are  on  line  run  “flat  out”,  with  one  additional 

compressor  for  “trimming”,  and 

(2)  All  other  compressors  are  off  line, 

— This  is  regardless  of  demand  variations. 

When  determining  accurate  system  costs,  both  AIR  FLOW  and  POWER 
CONSUMPTION  must  be  measured. 
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MANAGEMENT  VERSUS  ECONOMICS. 


All  of  this  leads  to  the  understanding  of  cost,  and  hopefully  the  best  cost 
for  a  specific  system:  determining  what  the  cost  is,  determining  what  to  do 
to  attain  improvement,  and  how  to  maintain  the  improvement. 

Scot  Foss  prescribes  the  MANAGED  SYSTEM  as  the  fundamental  solution 
and  building  block  to  solving  this.  Managing  a  system  consists  of 
CONFIGURATION  PLANNING,  ENGINEERING,  and  IMPROVING.  Since  most 
yard  systems  change  with  time,  increasing  and  decreasing  work  loads,  the 
management  practice  will  be  a  constant  responsibility,  the  same  as  system 
maintenance. 

The  over  view  of  a  Compressed  Air  System  is  made  up  of  five  functional 
components: 

*  DEMAND 

*  DISTRIBUTION 

*  STORAGE 

*  REGULATION 

*  SUPPLY 

Demand  was  well  defined  previously.  However,  detailed  evaluation  of  the 
production  demand  by  large  users  with  in  the  yard  is  necessary  in  order  to 
determine  the  maximum  compressor  capacity.  The  work  schedules  for 
areas  of  large  demand  when  integrated  into  the  planning  and  engineering 
activity  will  help  determine  the  number,  capacity,  and  power  of  the 
compressors. 

Distribution  at  this  point  in  the  discussion  centers  on  several  concerns: 
piping  sizing  must  be  engineered  to  the  ultimate  flow  needed  to  satisfy  the 
true  demand;  does  piping  figure  into  the  Storage  factor?;  have  the  fittings 
and  connections  been  evaluated  for  best  application?;  etc.  Most  important 
in  large  systems,  as  most  yards  must  have,  is  the  continuous  ioop  of  the 
Header  or  Pipe  Main. 

Storage  is  the  baiancing  act  of  a  properly  configured  system.  Without 
storage,  the  compressors  alone  service  the  extremes  of  the  demand.  If  the 
compressors  are  set  to  supply  the  peak  demand  all  the  machinery 
(including  the  ancillary  equipment)  will  run  during  the  less  than  peak 
periods.  Storage  is  used  to  handle  the  peak  and  thus  allow  the  machinery 
to  be  run  at  the  level  to  supply  the  mean  demand,  a  far  more  cost  effective 
and  efficient  operating  method. 
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Regulation  is  the  method  for  controlling  the  system  and  permits  the 
system  to  remain  in  balance.  Intermediate  control(s),  placed  down  stream 
of  the  compressor  and  storage  vessel,  provides  management  of  the 
demand  (including  leaks),  controlling  of  storage,  and  unloading  of  the 
compressor  power.  Regulating  the  intermediate  pressure  and  the 

compressor  control  pressure  dictates  the  weight  flow  of  demand*  and 
significantly  the  way  in  which  the  system  performs.  Intermediate  control  is 
the  most  important  control  point  in  a  system.  With  proper,  high  quality 
devices  the  upstream  and  downstream  conditions  can  be  analyzed  and 
controlled. 

Supply  and  the  cost  of  providing  it  is  obviously  the  beneficiary  of  the 
completeness,  thoroughness,  and  quality  of  the  other  component  parts  of 
the  managed  system. 

The  best  cost  of  operation  cannot  be  obtained  unless  the  yard  commits  to 
managing  air  as  a  Utility. 

WHAT  IS  THE  COST? 

When  accurate  costs  are  developed  and  all  aspects  have  been  considered 
(reference  page  4),  the  cost  of  air  will  be  1.5  to  3  times  that  of  electricity. 
The  Scot  Foss  approach  is  to  make  a  full  audit  of  the  system  which 
encompasses  engineering  configuration  and  economics. 

Again,  if  the”  compressor  operation  alone  is  evaluated  and  costed  from  a 
load  (electric  power  usage)  point  of  view,  the  efficiency  of  the  system  and 
demand  control  are  not  addressed  and  there  is  no  way  to  identify  the 
ultimate  source  of  cost  control  and  reduction. 

It  is  certainly  in  the  realm  of  common  sense  estimating  that  if  20%  loss  to 
leaks,  20%  loss  in  uncontrolled  demand,  and  10%  loss  to  artificial  demand 
is  creditable,  1/2  of  every  $1,000,000.00  in  power  consumption  for 

compressed  air  generation  is  attributable  to  system  inefficiency. 

★ 

This  is  explained  in  detail  in  the  Appendix. 
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A  CASE  STUDY 


NASSCO:  A  COMPRESSED  AIR  SYSTEM  EVOLUTION 


THE  NASSCO  EXPERIENCE 


Like  many  yards  and  plants  throughout  the  country  Nassco’s  compressed 
air  system  started  out  as  several  systems  which  grew  to  meet  production 
growth,  a  classic  response  to  need.  In  1980,  faced  with  the  need  for  a 
better  understanding  of  the  technology  of  compressed  air  systems,  the 
commitment  to  improving  the  engineering  and  configuration  of  the  system, 
and  a  realization  that  the  problem  had  a  large  dollar  Impact  the  Facilities 
department  engaged  Scot  Foss. 

What  happened  from  that  point  makes  for  an  interesting  case  study. 
However,  the  best  place  to  start  is  an  overview  of  the  system  history: 
configuration,  operations,  maintenance,  and  engineering  redevelopment. 

1978  Started  conversion  from  sub-system  configuration  to  single  system 
configuration. 

1979  First  common  piping  construction  projects  started. 

1980  Scot  Foss  engaged  to  review  system  needs. 

1981  Extension  of  common  piping  to  the  building  dock  and  outfitting 
areas. 

1982  Common  piping  extended  to  Floating  Dock. 

1982  Initiation  of  system  controls  and  monitoring  and  automatic 
controlling  of  the  compressors. 

1984  Energy  Conservation  Project  adds  management  focus  to 
compressed  air  as  a  Utility. 

1984  System  Looping  completed. 

1988  Installation  of  point  of  use  regulating  begun. 

1990  Second  Foss  engagement.  Blast  area  review  and  experiment. 

1992  Balancing  of  the  complete  system  through  point  of  use  control  and 
use  of  18,000+  Lin  Ft  of  8“  diameter  piping  distribution  as  storage. 

The  decisions,  the  relationship  to  the  Foss  approach,  the  impact  of  the 
improvements,  the  lessons  learned,  the  advantages,  and  the  disadvantages 
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will  be  discussed  in  order  to  give  a  detailed  picture  of  this  case  study 
process. 

THE  EARLY  PERIOD 

Sometime  prior  to  1978  NASSCO  had  five  separate  and  distinct 
compressed  air  systems.  This  condition  was  due  directly  to  the  fact  that 
the  National  Steel  and  Shipbuilding  Company  was  actually  an 
amalgamation  of  several  shipyards  and  other  water  front  facilities.  Each  of 
these  had  its  own  supporting  utilities,  including  compressed  air. 

There  was  probably  a  second  reason  for  these  individual  systems  to 
remain  after  the  amalgamation  and  that  was  the  prevailing  view  of 
Compressed  Air.  This  was  identified  as  a  secondary  facilities  requirement 
to  be  dealt  with  after  space,  buildings,  electric  power  and  water,  etc.  There 
is  little  doubt,  among  the  current  yard  Informed,  that  the  planning  was  put 
in  a  compressor  and  pipe  and  let’s  get  going. 

The  exact  time  that  NASSCO  started  to  link  some  of  the  of  the  systems  is 
not  known  but  was  sometime  prior  to  1978.  Therefore,  as  of  the  earliest 
date  of  this  case  study  the  unification  work  had  already  begun,  but  for 
these  intents  and  purposes,  1978  marks  the  beginning  of  the  commitment. 
That  commitment  was  probably  not  as  clearly  defined  as  a  formal 
statement  and  plan  outline.  However,  it  was  a  distinct  change  on  the  part  of 
facilities  engineering  influence  and  the  initiation  of  a  yard  wide  air  supply 
system. 

If  the  classic  Scot  Foss  book  approach  had  been  followed  from  this  point, 
a  complete  audit,  master  plan,  and  supporting  engineering  would  have 
been  done.  This  was  not  the  case  due  to  the  difference  of  priorities  and 
most  pressing  issues,  as  seen  by  the  production  /  maintenance 
departments  versus  those  of  facilities  engineers. 

This  case  study  is  classic,  in  that  the  prevailing  philosophy  was  to 
maintain  a  Supply  System  while  unifying  and  developing  the  larger  nature 
of  the  utility.  There  were  some  pretty  smart  people  who  did  not  see  the 
nature  of  the  problems  of  the  system  beyond  the  fact  that  it  made  good 
sense  to  have  one  system  rather  than  several  small  ones. 

*  Calculating  compressor  capacities  showed  that  certain  compressors 

could  be  working  while  others  were  not  working. 

*  This  possibility  was  viewed  as  an  important  aid  in  reducing  the 

maintenance  impact  on  production,  since  the  compressors  would  be 
operated  in  a  more  efficient  manner. 
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*  The  combining  of  compressors  could  increase  total  capacity  of  the 
unified  system  in  order  to  meet  more  DEMAND. 

These  highly  logical  reasons  go  another  step  in  arguing  the  Scot  Foss 
point  for  knowing  the  cost  of  AIR  This  hind  site  error  is  in  no  way  unique 
and  it  is  not  intended  to  embarrass  nor  to  detract  from  the  effective 
improvement  program  which  followed. 

THE  GROWTH  OF  ONE  COMPLETE  SYSTEM 

No  sooner  had  the  unification  of  the  system  been  undertaken,  than  the 
need  for  expansion  was  recognized.  Up  until  this  time  portable 
compressors  were  utilized  to  supply  production  at  the  building  dock  and 
outfitting  areas.  In  1979,  80,  and  81,  the  new  system  piping  was  extended 
to  cover  these  functions  as  well  as  new  “on-block”  areas  that  were  being 
utilized. 

In  1982,  NASSCO  had  acquired  a  new  floating  dry  dock  and  piping 
extension  to  this  new  facility  was  undertaken.  At  this  same  point  in  time,  a 
very  important  step  was  taken.  The  engineering  and  maintenance  group 
introduced  a  Westinghouse  PC  900B  programmable  controller  with  256 
input  /  output  capacity. 

This  control  has  evolved  along  with  the  system,  however,  it  was  utilized 
from  inception  for  displaying  system  status  and  permitting  remote  control 
of  the  compressors.  The  introduction  of  this  layer  of  sophistication  was 
not  without  problems  and  an  associated  learning  curve.  After  some 
experience  and  study  the  complete  system  was  reprogrammed  in  order  to 
make  it  more  effective  and  efficient. 

NASSCO  formed  an  ENERGY  CONSERVATION  PROJECT  in  1984  which 
looked  into  all  energy  use  issues.  Among  these  was  the  compressed  air 
system  since  it  had  such  a  high  use  of  electric  power.  This  caused  a 
Management  Awareness  never  quite  like  it  before.  The  power  consumption 
of  the  compressors  put  new  stress  on  the  control  system  and  the 
advantages  of  a  looped  header  were  identified.  This  helped  the  project  and 
added  emphasis  to  the  completion  that  year. 

During  the  next  few  years,  the  production  demand  caused  the  changes  in 
the  system  to  wait  for  priority  treatment  and  it  was  not  until  1988  that  a  new 
push  was  made.  Regulation  for  control  and  balance  was  the  objective  of 
this  phase  of  the  project  and  included: 

1.  PRESSURE  VALUE  WORKING  STANDARDS  for  each  end  user. 
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2.  BALANCING  OF  THE  SYSTEM. 

3.  TEMPERATURE  AND  VELOCITY  CONTROL. 

4.  PROPER  DRAINAGE  SYSTEMS. 

5.  DELTA  PRESSURE  FEED  BACK  AND  MONITORING. 

It  should  be  noted  that  the  PC  900B  was  reprogrammed  in  order  to  tighten 
the  pressure  band  width  that  would  afford  closer  control  for  the  delta  P 
required  in  the  system  balancing.  The  system  itself  was  now  a  storage 
component  that  added  6300  CF  (free  air)  to  the  receiver  storage  already  in 
the  system. 

The  completion  of  this  work  was  accomplished  in  1992  with  the  installation 
of  the  final  group  of  regulators. 

THE  PREVAILING  OBJECTIVES. 

Remember,  the  NASSCO  goals  were  driven  by  the  primary  desire  to  lower 
energy  usage  while  improving  the  system  effectiveness  and  maintenance. 
One  very  specific  objective  was  to  lower  energy  costs  by  shifting  loads  to 
off  peak  hours  through  the  utilization  of  high  pressure  storage,  demand 
control,  and  compressor  control. 

The  Foss  involvement  early  on  had  made  the  key  players  realize  that  there 
were  four  areas  of  system  configuration  improvement  that  can  significantly 
reduce  power  cost: 

1.  Minimize  waste. 

2.  Control  demand. 

3.  Control  the  compressors. 

4.  Utilize  storage. 

The  efficiency  of  the  system,  the  ability  to  shut  off  the  compressors,  is  far 
more  important  than  the  efficiency  of  the  compressors. 

The  looping  of  the  8"  header,  the  installation  of  the  PC  900B,  and 
installation  of  the  regulation  effected  each  of  these  desires.  Pressure  Value 
Standards  for  each  production  area  impacted  the  waste  conditions 
(primarily  leaks  and  equipment)  immediately.  The  regulation  controlled  the 
demand.  The  automatic  control  system  managed  and  controlled  the 
compressors  load,  unload,  and  trim  status  with  planned  parameters.  And, 
the  loop  in  combination  with  the  regulation  provided  the  storage.  The 
waste  condition  was  the  least  satisfactory  of  the  improved  targets,  this  will 
be  discussed  in  detail  in  a  later  section. 
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THE  DETAILS. 


Now  that  the  history  of  the  system  has  been  traced,  and  it  may  be  very 
similar  in  part  to  other  yard  system  evolutions,  a  look  at  the  details  is  in 
order.  How  well  does  the  NASSCO  experience  fit  the  Foss  Program?  What 

have  been  the  benefits  of  this  effort  for  production? . maintenance? 

. cost  effectiveness? 

In  order  to  do  this,  the  1988  effort  needs  to  be  looked  at  more  closely.  What 
had  happened  prior  to  this  point  had  been  largely  the  necessity  for 
amalgamation  with  an  emphasis  first  upon  a  single  system  configuration, 
then  an  expansion  to  meet  new  production  and  facilities  needs,  and  finally 
the  looping  of  the  header.  The  latter  was  the  bridge  to  the  Foss  based 
program  which  set  the  stage  for  truly  creating  a  Managed  System. 

A  complete  Industrial  Engineering  study  was  conducted  by  the 
Maintenance  and  Facilities  Departments  in  1988.  This  was  the  main  thrust 
of  the  system  survey  advocated  by  Scot  Foss.  This  included  the  following 
work: 

1.  Setting  Pressure  Standards  with  the  users. 

2.  Balancing  the  system  with  P2  (Compressor  discharge)  controlled  to 

117psi,  P3  (Entry  to  header  from  the  ancillary  equipment  discharge) 

at  lOSpsi,  and  P4  (farthest  point  in  the  header)  at  user  standard. 

Note;  This  is  a  greater  differential  than  recommended  by  Scot  Foss  and 
represents  a  practical  decision,  through  specific  system  experience. 

3.  Review  of  all  Drying  and  Filtering  Equipment  for  best  operation. 

4.  Re-evaluate  operating  and  maintenance  procedures. 

5.  Evaluate  Slave  Coolers  to  enhance  drying  performance. 

6.  Evaluate  drainage  and  waste  disposal. 

7.  Evaluate  Ventilation  of  each  compressor  station  in  order  to  assure 
positive  ambient  pressure,  exhaust  to  the  external  atmosphere,  and 
ambient  clean  air. 

8.  Establish  Delta  pressure  and  temperature  monitoring 

9.  Evaluate  compressor  and  ancillary  equipment  lubricants  to  determine 
operational  and  cost  effects. 
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It  was  necessary  for  the  users  and  providers  to  agree  on  the  pressures  that 
would  be  delivered  by  the  system  for  each  production  area  or  sector.  This 
is  a  vital  step  in  any  system  management  program  and  not  always  an  easy 
step.  Firstly,  the  providers,  in  this  case  the  Maintenance  Department,  had 
to  accept  themselves  as  the  vendors  and  Production  as  the  customers. 
Secondly,  an  education  effort  had  to  be  made  with  key  players  on  both 
sides  since  the  misconceptions  concerning  costs  and  management  of  a 
Compressed  Air  system  were  universal.  Some  of  these  misconceptions  are 
still  alive  and  well  at  the  yard.  The  main  issue  was  naturally  pressure.  The 
prevailing  idea  that  more  is  better  and  the  highest  is  best  is  not  easy  to 
eradicate  from  the  thinking  where  the  system  history  had  been  Suppiy 
Controifor  so  many  years. 

In  spite  of  the  problems,  the  NASSCO  team  was  able  to  negotiate  Pressure 
Standards  which  have  formed  the  basis  for  system  operations  since. 


DEPARTMENT/FUNCTiON 

PRESSURE 

Paint 

85 

Portabie  Biast 

100 

Stationary  Biast 

100 

Fiame  Spray 

95 

Respirabie  Air 

90 

Water  Front 

90 

Generai  (Shops) 

85 

Steei 

85 

Navy 

85 

Balancing  the  system  is  accomplished  by  setting  the  Sector  Reguiators 

(see  the  system  plan)  to  the  standard  delivery  pressur.  es;  utilizing  the 

storage  in  the  8"  piping  loop;  running  the  on  iine  compressors  flat  out;  and 
utilizing  one  compressor  for  trim.  The  ability  to  automatically  control  the 
compressors  to  respond  to  pressure  windows  and  time  windows  is  also 
vital  to  maintaining  the  balance. 

A  pressure  window  consists  of  settings  that  tell  a  compressor  control  to 
turn  on  and  turn  off,  or  to  throttie  up  or  throttie  back  in  the  case  of  a 

trimming  compressor.  The  time  windows  control  the  delay  period  that 

might  be  necessary  prior  to  the  control  response  to  any  given  pressure 
change.  This  prevents  unnecessary  starts  and  stops,  jerks  and  glitches  to 
the  equipment  due  to  momentary  pressure  readings  at  the  critical  window 
edges. 
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the  equipment  due  to  momentary  pressure  readings  at  the  critical  window 
edges. 

The  operational  history  of  the  system  is  captured  in  the  following  chart: 


PRESSURE  (psi) 


Year  ins  tituted[  Control  Method] 

P2 

P3 

P4 

1978 

[Manual] 

120* 

110* 

100 

1982 

[Automatic/unbalanced] 

***^115 

105 

85 

1990 

[  Balanced/Automatic] 

117 

108 

** 

*Whatever  was  needed  to  maintain  100  psi  at  the  user 
station.  This  was  a  Supply  Controlled  System  dictated 
by  Demand. 

**  pressure  value  Standard  shown  above. 

***  This  system  still  had  to  operate  as  a  Supply  system 
since  the  regulation  was  not  completed  until  later. 
However,  the  controls  allowed  for  a  greater  degree  of 
planning  so  that  compressors  could  be  brought  on  line 
and  taken  off  line  as  changes  in  pressure  down  stream 
of  the  compressors  were  detected. 


The  maintenance  aspects  of  the  program  were  in  most  respects  a 
reflection  of  how  the  operations  were  going.  If  the  compressors  and 
ancillary  equipment  could  be  run  flat  out  or  shutoff,  and  not  start  and  stop 
— —  start  and  stop,  there  would  be  an  obvious  advantage  and 
improvement  in  the  machinery  wear.  Preventive  maintenance  for  filters, 
lubricants,  bearings,  and  peripherals  has  always  been  a  key  to  the 
NASSCO  practice.  The  maintenance  costs  for  normal  preventive 
maintenance  dropped  by  12%  simply  by  the  reduced  operating  time  , which 
was  33%.  However,  this  did  not  take  in  the  additional  savings  in  lubrication 
costs  of  about  10%  reduction. 

The  overhaul  costs  for  compressors  could  not  be  properly  analyzed 
relative  to  the  new  operating  practice  because  of  age.  Several  units  were 
due  for  complete  or  major  overhaul  and  no  history  could  be  established. 
There  are  two  new  Leroi  compressors  now  coming  into  full  service  and 
early  maintenance  cost  returns  are  positive.  While  these  can  not  be 
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There  was  a  negative  impact  on  maintenance  costs  due  to  the  increase  of 
coverage  for  new  coolers  and  regulators.  However,  it  is  estimated  that  this 
is  only  a  fraction  compared  to  the  cost  reductions. 

COSTS. 

The  Foss  formula  for  true  system  cost  measurement  was  stated  early  in 

this  report  cost/hour/1  OOcfm.  A  review  of  the  information  in  the 

Appendix  will  show  that  this  is  not  something  arrived  at  without  a  certain 
degree  of  effort.  The  CFM  out  put  of  the  system  as  well  as  each 
compressor  is  required  along  with  a  myriad  of  engineering  and  accounting 
details;  however,  it  appears  from  the  NASSCO  experience  to  be  very 
valuable  and  worth  while,  even  if  some  values  must  be  arrived  at  on  a  best 
estimate  basis.  The  latter  was  true  in  this  case.  The  out  put  for  specific 
compressors  was  measured,  along  with  cost  calculations  for  the  specific 
units.  System  usage  was  estimated  and  proofed  with  several  different 
calculations. 


The  resulting  cost  factors  were  developed  and  can  be  applied  very  usefully 
to  future  system  projects. _ 


NASSCO 

Compressed  Air  System 

Cost  Analysis 

S/Hour/1  OOCFM 

% 

Old  Unit 

New  Units 

Reduction 

Suppiy  Controiied 

System 

5.773 

N/A 

Baianced/Managed 

System 

3.810 

2.020 

34.0% 

Without  Leaks 

3.193 

1.693 

16.2% 

The  older  compressor  equipment  has  a  higher  cost  simply  because  of  the 
out  put  per  KWH  and  relative  maintenance  cost  (  overhaul,  etc.).  The  new 
unit  cost  includes  amortization  of  the  capital  cost,  not  necessary  with  the 
older  equipment. 

The  percent  reduction  was  calculated  by  taking  the  difference  between  the 
pre-improvement  value  and  improved  value,  dividing  by  the  pre- 
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improvement  value  and  correcting  to  a  percent  (  the  more  conservative 
method  ). 

A  most  important  cost  consideration  is  this:  if  the  yard  demand  is  6000 
CFM  for  5000  Operating  Hours  per  Year,  the  cost  (  applying  these 
experience  factors  )  will  be  between  $1,730,000.  and  $510,000.  (  using  the 
worst  and  best  costs  as  an  example  ).  THIS  CLEARLY  SHOWS  THAT  THE 
COST  OF  OPERATION  or  THE  COST  OF  AiR  CAN  OUT  WEIGH  THE 
INVESTMENT  COSTS  OF  NEW  COMPRESSORS  AND  ANCILLARY 
EQUIPMENT.  This  is  so  even  if  a  single  unit  installation  can  cost  $300,000. 
or  more.  Depending  upon  the  improvement  potential  for  a  given  yard, 
capital  investment  justification  may  clearly  point  to  new  equipment 
installation,  as  well  as  system  improvement. 
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CONCLUSIONS. 


This  case  study  shows  great  success,  but  also  has  been  a  source  for 
discovery  and  definition  of  future  project  objectives.  In  order  to  summarize 
the  accomplishments  and  the  to  be  accomplished  a  score  card  was  made 
to  indicate  these  conditions. 

NASSCO’S  FOSS  PROGRAM  SCORE  CARD 

PARTIALLY  NOT 

FOSS  RECOMMENDED  ACTION  COMPLETE  COMPLETE  COMPLETE 


System  Configuration  Revamp/Looping  X 
Reguiation  x 

Storage  x 

Baiance  X 


Cost/Hour/1  OOCFM 


X 


Line  Leaks 


From  this,  and  having  developed  a  better  understanding  of  the  costs 
related  to  systems  operations  and  maintenance,  a  plan  has  been  made  to 
accomplish  the  following  objectives: 

1.  Repair  Line  Leaks. 

2.  Replace  poorly  performing,  high  maintenance  cost  compressors. 

3.  Re-evaluate  Blast  Area  to  improve  nozzle  performance,  peak  to  peak 
problems,  and  storage  assessment. 

4.  Complete  the  Lubrication  Study  now  in  process. 

5.  Make  a  Cost/hour/1  OOcfm  evaluation  for  each  compressor,  and  total 
system  at  various  levels  of  demand. 

6.  Conduct  a  bearing  vibration  analysis. 

7.  Conduct  user  training  in  order  improve  sector  management  of 
equipment  demand,  leak  correction,  shutdown  procedures,  and  cost 
awareness. 

Beyond  the  details  of  this  case  study  the  general  rule  appears  to  be  “once 
the  effort  begins  to  show  real  return  and  promise,  the  next  areas  of 
improvement  shouid  become  obvious”. 

not 

AFTER  ALL  -  itsajust  airi! 
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DEVELOPMENTS 


Managing  efficient  compressed  air  systems 


By  Steve  Gahbauer 
Bagjnieeimg  Editor 

WITH  MUCH  confusion  abounding 
about  plant  air  systems,  we  need 
to  learn  how  to  manage  conl- 
pressed  air  more  efficiently.  There  are 
three  aspects  to  learning:  Confusion- 
what's  going  on?  Motivation-a  desire  to 
find  out.  Experience-so  that  's  how  it  is 
done! 

When  it  comes  to  experience  and  to 
"how  it's  done"  in  compressed  air  sys¬ 
tems,  there  is  probably  no  more  competent 
authority  than  Scot  Foss,  president  of 
Plant  Air  Technology,  in  charlollc  North 
Carolina.  Foss  does  financial  and  configura¬ 
tion  audits  of  systems  to  determine  their 
cost  and  efficiency.  He  is  reducing  the 
overall  cost  of  operations  of  t  he  system  in 
many  plants  by  35%  to  60%  and,  at  the 
same  time,  he  improves  performance  at 
the  production  end. 

through  storage.  The  volume  of  storage 
and  the  weight  flow  of  demand  will  deter¬ 
mine  the  amount  of  energy  which  must  be 
applied. 

0  Maintain  a  maximum  control  pressure. 

□  Slow  down  the  rate  of  decay  in  pres¬ 
sure. 

(Xontrorl  the  expansion  of  the  gas  at  least 
twice  to  the  point  of  use  to  differentiate 
between  supply  and  demand. 

□Always  operate  a  demand-controlled 
rather  than  a  supply-controlled  system. 

Solving  Problems:  Foss  also  has  some 
grind  advice  for  problem  solving.  He  says 
whatever  you  think  the  problem  is.  it's 
probably  not  that  You  are  likely  looking  at 
the  effect,  not  the  cause.  And  whatever 
you  think  the  solution  to  the  problem  is, 
there  are  probably  at  least  three  better 
ways  to  do  it.  In  other  words:  don't  lank  at 
the  situation,  look  at  the  system.  Always 
think  in  terms  of  pressure,  volume,  stor¬ 
age.  time,  and  speed  of  transmission. 

It  also  helps  to  draw  a  picture.  If  you 
can't,  you  probably  donut  understand  the 
problem,  Foss  says. 

What  are  some  of  the  typical  and  recur¬ 
ring  problems  in  compressed  air  systems? 

One  IS  air  leaks .  They  ran  come  from 
sources  anywhere  m  your  plant  -hose 
teaks  and  worn  disconnect  plugs:  aban¬ 
doned  equipment  with  air  left  on:  mechanic- 
cal  failures  on  valves  and  cylinders:  pipe 
connections  and  stem  valve  packings  m 
shut-off  valves. 

A  leak  IS  little  more  than  an  unregulalrd 
hole  m  the  compressed  air  syst  em  through 
which  you  blow  air  with  pipe  scale,  iron 
oxide  and  other  contaniuauls .  Without  any 
effort  on  your  part,  the  hole-  will  get  larger. 
And  increasing  operating  pressures  speed 
I  the  process. 

Costly  Leaks:  Foss  talks  alxout  indus¬ 
trial  and  process  plants  in  which  he  dirt  an 
audit.  In  15%  of  them,  leaks  wasted  more 
then  $500  000  a  year.  I  Half  of  them  would 
have  turned  a  profit  if  they  had  controlled 
their  air  leaks. 


That  proves  that  it  can  he  done.  So  what 
can  we  learn?  How  much  does  plant  air 
really  cost  you?  How  can  you  stop  blowing 
money  out  the  window? 

Foss  says  improving  your  compressed 
air  system  starts  with  realizing  some  fun¬ 
damental  facts,  and  that  there  are  better 
ways  than  throwing  energy  at  it.  He  is  a 
great  proponent  of  using  common  sense. 
Consider  this: 

1  If  you  forget  the  air.  you  can  forget  the 
results:  but  you'll  never  forget  the  cost! 

1  Statistical  data  is  fine  but  coupled  with 
no  statistical  thinking  gives  you  poor  re- 
sulls. 

1  An  "on",  compressor  is  an  indication  of 
cost:  but  not  necessarily  an  indication  of 
need. 

1  only  half  of  the  demand  in  -  typical 
uncontrolled  system  is  the  result  of  real 
production  demand. 

1  Compressors  set  to  supply  the  highest 
demand  are  wasting  energy. 


•  Low  pressure  at  the  point  of  use  does 
not  necessarily  mean  inadequate  power  in 
the  system. 

•  You  must  cont  rol  the  weight  flow  of  the 
gas  despite  the  varations  in  pressure,  tem- 
perat  ure  and  flow,  the  closer  you  can  do 
this  to  the  production  demand,  the  more 
efficiently  you  will  control  the  results  and 
the  energy. 

•  Every  unit  of  pressure  demand  gener¬ 
ated  by  system  components  adds  energy 
cost  to  the  system. 

For  a  cost  effective  compressed  plant 
air  system.  Foss  suggests  that  you: 

□  ILse  air  as  cfndeiilly  as  ixissihlr  and 
make  usage  decisions  based  on  t  he  operat¬ 
ing  cost. 

□  Service  demand  with  potential  enerey  as 

much  as  possible. 

□  Melcr  the  recovery  for  energy  saviiiRs. 

□  Never  satisfy  demand  at  any  cost.  Com¬ 
pressor  controls  are  to  refine  the  response 
to  a  controlled  demand  interpreted 


"Leaks  made  up  20%  to  35%  of  demand 
in  almost  all  the  plant  air  systems  sur¬ 
veyed."  says  Foss.  "That  means  that  one- 
third  of  all  compressors,  associated  costs 
and  electricity  expenses  served  no  other 
purpose  than  to  increase  the  cost  of  the 
product  manufactured." 

Consultant  Peter  Stern  puts  the  real 
cost  of  air  leaks  into  perspective.  He  says 
the  average  corporation's  income  is  5%  of 
the  gross  sales.  Thus,  when  a  company 
loses  $200  000  a  year  from  compressed  air 
leaks,  the  organization  must  increase  its 
sales  volume  by  $4  million  to  make  up  fur 
the  loss. 

The  easiest  method  for  finding  individ  - 
ual  leaks  is  with  a  microsonic  or  ultrasonic 
leak  detector.  Once  leaks  are  located,  they 
should  be  marked  and  fixed.  To  deal  effec¬ 
tively  with  leaks,  you  need  to: 

K)etermine  the  operating  cost  for  your 
compressed  air  system, 
treasure  the  flow  requirements  for 
leaks  under  various  conditions, 
t^stablish  the  total  annual  cost  for 
leaks . 

»^ix  the  leaks. 

Report  the  reduction  in  system  operat¬ 
ing  cost. 

*^ducate  personnel  about  the  impor¬ 
tance  of  leak  and  pressure  management 
and  reporting  procedures. 

Tricky  Nomenclature:  Another  prob¬ 
lem  IS  the  CFM  trap.  Different  rating  con¬ 
ventions  for  compressed  air  power  make  it 
confusing.  Do  you  know  what  capacity  you 
arc  really  talking  about?  CFM  ran  mean 
ICFM.  ACFM.  SCFM  or  FAD.  depending 
on  I  the  supplier. 

There  arc  at  least  three  different  abbre¬ 
viations  for  virt  ually  t  he  same  rat  ings  for 
industrial  air  service  to  describe  intel  air 
free  air.  or  ambient  cubic  feet  of  air  com- 
pressert.  There  is  an  addition  meaning 
when  you  deal  with  European  systems 
wherer  delivery  is  delined  as  the  actual  an 
delivered  by  a  compressor  in  t  he  system 
when  the  performance  does  not  include 
power  losses  due  to  inlet  filters,  oil  filters, 
cooling  systems,  or  oil  separators. 

The  "safest  "  term  is  SCFM-standard 
cubic  feet  per  minute-meaning  the  vol- 


uom  of  flow  of  conpressed  air  m  one-  mm- 
ute  related  hack  to  a  standard  set  of  inle 
conditions.  More  and  more.  FAD-free  air 
delivered-is  becoimning  a  tcrnnology 
standard.  It  unambiguously  means  the 
amount  of  air  available  from  the  unit  before 
the  aftercooler. 

What  really  concerns  you  as  a  user  of 
compressed  air  in  your  plant  when  you  are 
trying  to  match  supply  and  demand  effi 
ciently  is  how  much  usable  air  is  available 
at  the  discharge  end  and  what  the  power 
cost  is  to  deliver  that  air. 

Action  Plan:  Out  of  all  this  comes  an 
action  plan  to  imporve  compressed  air  sys¬ 
tems  in  your  plant.  Here  is  what  Foss  rec¬ 
ommends  : 

fXontroI  demand  by  intermediate  or  sec- 
I  or  controls,  point  of  use  controls,  estab¬ 
lishing  appropriate  operating  pressures . 
and  developing  control  and  overhead  stor¬ 
age  systems. 

q  Reduce  demand  by  correcting  poor  ap¬ 
plications.  developing  a  leak  management 
program,  and  reducing  abandonee  equip¬ 
ment  . 

q  Reduce  horsepower  by  unloading  unnec¬ 
essary  compressors,  refining  part  load  and 

trim  load,  and  operating  at  the  best  power 
flow. 

□  Reducf.  ancillari^ 
ment.  doing  preventi>*<?mainlenance.  and 
aulomaling  whoKvp^ible  to  reduce  oper¬ 
ator  expense  antfimprove  qualily/reliabiH- 
ty- 

To^tiy  on  the  winning  side  of  your  plant 
aips^tem  requires  constant  vigilance.  You 
rfciL.nevcr  a  loser  until  you  quit  trying. 
Don’t  give  up;  there  are  rich  rewards  in 
maintaining  a  cost  efltcient  compressed  air 
supply. 
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EXECUTIVE  BRIEFING: 


Economics  of 
Compressed  Air 

It  is  time  to  get  compressed  air  out  of  the 
unassigned  cost  category  so  rationai  decisions 
can  be  made  about  maintenance  and  production  costs. 

An  expert  examines  the  problem. 

By  Scot  Foss 


WHO  IS  AN  AUDIT  CANDIDATE? 


Every  plant  is  a  candidate  for  a 
compressed  air  system  audit,  it  is 
not.  however,  the  plant  that  feels 
it  has  the  most  problems  that  is  in 
greatest  need.  Facilities  that  feel 
they  have  overcome  their  prob¬ 
lems  may  have  the  largest  prob¬ 
lems.  They  may  have  managed 
only  to  overpower  problems 
without  applying  controls,  audit¬ 
ing.  or  other  investigation.  These 
plants  have  learned  to  tolerate  the 
expense  of  satisfying  the  Black 
Hole  of  uncontrolled  demand. 

Each  increment  of  energy  in¬ 


creases  system  pressure  and  de¬ 
mand.  Not  until  the  flow  created 
exceeds  the  capacity  of  the  pip¬ 
ing  and  the  pressure  begins  to 
drop  geometrically  will  anyone 
show  an  interest  in  alternative  so¬ 
lutions.  If  you  have  enough  capi¬ 
tal  and  your  management  does 
not  find  fault  with  escalating 
power  and  maintenance  costs, 
this  is  one  of  the  ways  of  dealing 
with  the  system.  Despite  its  pop¬ 
ularity,  it  is  without  a  doubt  the 
least  effective  approach  of  the 
many  alternatives. 


he  vast  ma- 
T  jority  of  fa¬ 
cilities  engineers 
and  maintenance 
managers  have  no 
idea  how  much 
compressed  air 
they  use  or  what 
it  costs.  They  are 
not  sure  ifthc  sys- 
temis  efficient  or 
what  alternatives 
they  have. 

If  you  were 
challenged  by 
management  to 
reduce  energy  or 
expense  for  main¬ 
tenance  by  25 
percent  over  the 
next  2  years, 
should  compressed  air  he  on  the 
priority  list  of  inanimate  opportu¬ 
nity  expenses? 

Auditing  and  value  engineering  of 
compressed  air  arc  difficult  when 
there  is  an  absence  of  operating 
convention,  configuration  technol¬ 
ogy.  systems  management  hard¬ 
ware.  or  a  method  of  costing  this  vi¬ 
tal  utility.  Despite  this  situation,a  duce 
growing  trend  for  the  past  15  years 
has  been  to  throw  energy  at  all  sys¬ 
tem  problems,  while  operating 
compressors  at  ever  greater  pres¬ 
sures. 

When  demand  controls  in  the  sys¬ 
tem  arc  inadequate,  the  demand,  as 
well  as  loss  from  leaks,  becomes  a 
function  of  supply  pressure,  and 


volume  rises  on  a  straight  line.  The 
question  then  is,  How  much  of  a 
systcm”s  input  energy  is  being 
wasted? 

In  larger  facilities  it  is  not  uncom¬ 
mon  to  be  able  to  reduce  waste  en¬ 
ergy  and  its  attendant  costs  from 
$500,000  10  $1,000,000  a  year. 
Typically,  input  energy  can  be  re¬ 
duced  15  to  25  percent,  although  in 
many  cases  a  50  percent  reduction 
is  possible.  But  electricity  is  just 
one  of  eight  general  areas  and  many 
subordinate  areas  in  compressed  air 
where  there  is  a  tremendous  oppor¬ 
tunity  for  cost  reduction,  efficiency 
improvements,  or  both.  The  real 
question  to  ask  is.  What  impact 
dots  this  less  than  efficient  system 


have  on  the  qual¬ 
ity  and  landed 
costs  of  your 
manufactured 
goods? 

Typically,  ro¬ 
tating  equipment 
represents  50  to 
60  percent  of  a 
plank’s  mainte¬ 
nance  budget, 
and  compressed 
air  represents  30 
to  50  percent  of 
that  figure.  Man- 
tcnancc  on  rotat¬ 
ing  equipment 
has  increased 
geometrically  for 
the  past  10  vears. 
The  operating 
cost  for  compressed  air  in  the  first 
year  alone  is  1.5  to  2.5  times  the 
capital  investment  for  the  basic 
equipment.  And  these  figures  do 
not  include  depreciation  expense. 
Therefore,  adding  horsepower  to 
solve  a  poorly  defined  problem  has 
to  be  a  very  difficult  decision. 

In  1973,  energy  activists  made  us 
take  a  hard  look  at  automobile  fuel 
efficiency.  Since  that  time  wc  have 
doubled  and  in  some  cases  tripled 
fuel  efficiency  while  the  cost  of  fuel 
has  only  doubled.  The  net  econo¬ 
mies  have  been  substantial.  Other 
areas  have  been  targeted  in  industry, 
such  as  quality  of  manufactured 
goods,  effectiveness  of  receivables 
administration,  and  purchasing  and 
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COMPRESSED  AIR  COST  COMPONENTS 


inventory  man-  ergy 

agement  We  have  Water  or  air  c 

responded  to  Contaminant 

these  areas  with  (dryers,  fill 

statistical  process  Preventive  m 

controls,  just  in  Breakdown  r 

time  (JIT)  manii-  Operators 

facturing.  materi-  Depreciation 

als  resource  plan-  Miscellaneous 

ning  (MRP)  I  and  tory,  insur 

11.  automacted  rc-  general  adi 

ccivables.  quality 

assurunce  pro-  - 

grams,  and  other  programs. 

What  is  the  relationship  of  these 
management  issues  10  mismanaged 
compressed  air?  The  purpose  of 
these  programs  is  to  make  you  more 
competitive  in  your  industry.  If  you 
arc  doing  a  job  with  jit  and  arc  not 
looking  at  your  less  than  optimum 
compressed  air  system,  it  is  possi¬ 
ble  that  they  cancel  each  other  out. 
Both  affect  the  bottom  line  geome¬ 
trically. 

In  the  Far  East  and  Europe  indus¬ 
trial  and  process  managers  know 
precisely  what  compressed  air  costs 
and  how  it  affects  them.  At  a  recent 
workshop  in  Northern  California,  a 
Eurocan  facilities  manager  told  the 
group  that  when  you  thoroughly  in¬ 
vestigate  the  burdened  cost  of  this 
utility,  you  can  no  longer  overlook 
configuration  inefficiencies  or  inef¬ 
fective  management  philosophies. 
In  most  systems,  more  energy  can 
mean  more  waste.  When  a  leak 
costs  $5000/year.  you  cannot  afford 
to  make  it  a  $7000  leak  by  adding 
compressor  capacity  to  solve  an¬ 
other  problem  in  the  system.  You 
must  consider  the  alternatives. 

It  is  possible  that  compressed  air 
falls  27  ledger  columns  behind  en¬ 
tertainment  expense  in  the  fiscal 
plan.  Maybe  it  simply  represents  5 
to  25  percent  of  many  categories,  all 
lost  in  the  name  of  burden.  With 
plants  moving  or  being  shut  down, 
and  utility  cost  a  factor  in  the  deci¬ 
sion,  perhaps  it  is  time  to  address 
this  important  issue. 


There  are  many  variables  to  a 
compressed  air  system.  Finding 
what  you  have  and  its  cost  at  vari¬ 
ous  conditions  will  greatly  help 
to  develop  the  appropriate  action 
plan  toward  optimal  efficiency. 
There  are  eight  cost  compments: 

Electricity  or  alternative  en¬ 
ergy 

Water  or  air  cooling 
Contaminant  control  equipment 
(dryers,  filters) 

Preventive  maintenance 
Breakdown  maintenance 
Operators 
Depreciation 

Miscellaneous  (interest  on  inven¬ 
tory,  insurance,  supervision, 
general  administration,  educa¬ 


tion,  inventory  aging  to  de¬ 
struction,  etc.) 

For  most  facilities,  finding  the 
costs  in  any  form  maybe  difficult 
because  data  entry  on  the  item 
does  not  identify  it  as  a  com¬ 
pressed  air  expense.  The  fact  that 
accounting  does  not  identify 
these  items  as  compressed  air 
does  not  mean  that  they  are  not 
real  components  of  the  cost  i  f 
compressed  air.  Each  of  the.  e 
components  is  essential  to  inves¬ 
tigating  and  tuning  the  system. 
The  way  that  you  understand  this 
utility  and  the  decisions  that  you 
make  will  be  greatly  influened 
by  your  configuration  audit  of  the 
component  items. 


In  seminars  around  the  country  I 
have  asked  facilities  and  mainte¬ 
nance  professionals  the  same  ques¬ 
tion.  Would  you  put  in  a  new  hoilcr 
each  time  you  received  persistent 
point-of-usc  complains?  You  know 
the  answer.  Is  it  possible  that  you 
deal  with  compressed  air  in  this 
manner?  Part  of  the  problem  is  that 
you  know  what  a  pound  of  steam 
costs.  Alternatives  can  be  measured 
in  money  and  presented  to  manage¬ 
ment  along  with  specific  action 
plans.  Without  a  reasonable  method 
of  fiscal  measurement,  compressed 
air  problems  must  reach  crisis  pro¬ 
portions  before  management  reluc¬ 
tantly  responds. 

It  is  always  the  same 
The  scenario  is  always  the  same. 
Someone  complains  about  low  pres¬ 
sure  somewhere  in  the  plant.  You 
assume  responsibility  whether  you 
should  or  not.  You  make  sure  all 
compressors  arc  on.  and  you  may 
rent  a  compressor.  Then  you  make  a 
half  hearted  attempt  to  investigate 
system  configuration  or  technologi¬ 
cal  alternatives.  Sooner  or  later  you 
wind  up  with  a  prc-cnginccrcd, 
packaged,  capital  expenditure  to 
solve  the  problem  until,  in  the  near 
future,  you  again  step  over  that  neb¬ 
ulous  line.  It  is  not  difficult  to  un¬ 
derstand  why  management  is  reluc¬ 
tant  to  support  this  pattern  of 
behavior. 

Whenever  a  problem  becomes 
painful  enough,  effective  ways  can 


impressed  air  be  found  to  deal 
t  they  are  not  with  it.  However. 

3f  the  cost  i  f  in  the  area  of 

;ach  of  the.  e  compressed  air. 
;ntial  to  inves-  wc  have  yet  to 
g  the  system.  deal  with  a  num- 

mderstand  this  bpr  of  factors: 

sions  that  you  Z  A  lack  of  sys- 

itly  influened  tern  standards 

on  audit  of  the  against  which 

performance  can 
be  measured 

-  1  Insufficient 

configuration  technology  to  define 
problems  or  solutions  properly 
•  Poorly  detined  levels  of  responsi¬ 
bility  and  authority  for  compressed 
air  in  most  facilities. 

We  simply  have  not  yet  developed 
a  thorough  method  for  the  costing  of 
this  vital  utility.  The  bottom  line  is 
that  we  don’t  know  how  painful  it 
might  be.  Wc  only  know  that  wc 
don’t  know. 

From  time  to  time,  discussions 
arise  concerning  various  parts  of  the 
system.  However,  the  compressed 
air  system  is  typically  not  dealt  with 
as  a  system.  The  first  step  is  to  iden¬ 
tify  how  to  quantify  the  gas  and  its 
operating  costs.  All  other  system¬ 
atic  methodology  will  follow. 

what  unit  of  measure? 

The  quantitative  unit  of  measure  for 
compressed  air  cost  analysis  should 
be  consistent  with  standard  units  of 
compressed  air.  The  unit  should  be 
smal  enough  that  it  will  accommo¬ 
date  the  largest  or  smallest  facility. 

The  two  most  common  units  cur- 
rentl  y  in  use  are  cost/1000  cu  ft  and 
bhp/  100  cfm.  Neither  accommo¬ 
dates  the  constituents  of  cost  or  the 
variabics  of  part  load  that  influence 
cost.  They  are  used  to  evaluate  parts 
of  the  system,  such  as  compressor 
efficiency,  but  not  the  system  at  var¬ 
ious  demand  loads. 

All  the  components  of  cost  can 
easily  be  broken  down  to  dollars, 
cents,  and  roils  per  hour.  Because 
supply  can  create  demand,  and  op- 
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eraling  equipment  dots  not  neces¬ 
sarily  have  any  correlation  to  de¬ 
mand.  the  unit  of  measure  should  be 
production  demand.  The  unit  of 
measure  should  also  be  easy  to  ap¬ 
ply  as  a  multiple  or  fraction  at  vari¬ 
ous  demand  conditions. 

On  the  basis  of  this  information, 
ihc  co.sl/hour/IOO  cfm  is  the  mo.st 
appropriate  unit  of  measure.  This 
unit  is  Calculated  by  the  formula: 

Cost/Iiour/KX)  elm  = 

total  system  cost/hour 

demand/ 100 

When  the  cost  of  electricity,  de¬ 
preciation  method,  and  other  varia¬ 
bles  are  considered,  the  cost/hour/ 
100  cfm  can  vary  from  $1.10  to 
over  $5.00.  On  a  1000  cfm  system 
the  cost/shift/year  could  range  from 
$32,120  to  $146,000.  With  a  fixed 
cost  of  electricity,  configuration  ef¬ 
fectiveness  and  operational  effi¬ 
ciency  can  cause  the  cost/hour/  100 
cfm  to  remain  constant  or  increase 
inversely  to  reduction  in  demand. 

Supply  or  demand 
The  amount  of  flow  and  its  varia¬ 
tions  must  be  determined  before 
cost  can  be  determined.  It  is  impor¬ 
tant  not  only  to  differentiate  be¬ 
tween  supply  and  demand,  but  also 
to  determine  whether  supply  creates 
demand  or  vice  versa.  If  you  at¬ 
tempt  to  use  compressor  controls  to 
control  point-of-use  pressure,  it  is 
reasonable  to  assume  that  supply 
creates  demand.  In  that  case,  you 
will  need  to  determine  not  only 
what  the  flow  is.  but  also  what  the 
demand  should  be  in  order  to  main¬ 
tain  the  maximum  demand  control 
pressure  in  the  header,  at  the  sec¬ 
tors,  or  at  the  point  of  use.  which¬ 
ever  is  most  practical. 

Demand  has  three  components: 
the  real  production  requirement,  ar¬ 
tificial  demand  created  by  supply 
pressure  that  is  higher  than  required 
at  the  point  of  use.  and  leaks.  Sector 
management  maintains  real  demand 
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Low  pressure 
at  the  point 
of  use  does  not 
necessarily  mean 
inadequate  power  in 
the  system. 


while  eliminating  artificial  demand 

and  minimizing  leaks.  If  you  get 
flow  to  a  minimum  and  do  nothing 
about  the  system,  you  reduce  the 
volume  but  increase  the  cost/hour/ 
100  cfm  almost  proportionately. 

The  lowest  cost/  100  cfm  is  pro¬ 
duced  when  you  can  precisely 
match  “on  equipment”  with  de¬ 
mand  and  minimize  “off  equip¬ 
ment"  for  standby.  The  philosophy 
that  matches  this  reasoning  is  that 
all  compressors  and  ancillary 
equipment  that  need  to  be  on  run 
flat  out.  except  one  compressor  for 
trimming,  and  all  other  equipment 
is  off.  regardless  of  loading  or  de¬ 
mand  variations. 

When  attempting  to  determine 
flow,  do  not  .assume  that  because  a 
compressor  is  on  that  it  is  using  its 
capacity  for  the  system.  Capacity 
varies  as  a  function  of  inlet  condi¬ 
tions.  although  it  may  or  may  not  in¬ 
fluence  input  energy.  Different 
types  of  compressors  deal  with  this 
mle  differently. 

Even  if  you  were  to  measure 
watts,  which  is  the  best  measure¬ 
ment  of  power,  it  is  not  likely  that 
you  would  be  able  to  acquire  a  per¬ 
formance  chart  from  a  manufac¬ 
turer  to  show  flow  against  power. 
You  need  to  measure  both  flow  and 
power  to  get  an  accurate  picture  of 
cost.  Depending  on  the  system’s 
configuration,  you  need  to  deter¬ 
mine  whether  you  arc  measuring 
supply  or  demand.  The  compressor 
controls  arc  there  to  refine  the  re¬ 
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sponse  to  a  controlled  system,  not  to 
control  the  system. 

When  approaching  this  problem, 
it  is  important  to  be  clear  on  the  op¬ 
erating  philosophy  used  for  your 
system.  The  reactive  mind  set  that 
dominates  most  situations  asks. 
“How  many  compressors  and  ancil¬ 
lary  pieces  of  equipment  do  I  need 
to  have  on  so  that  no  one  from  pro¬ 
duction  calls  about  low  pressure?" 
There  are  two  things  wrong  with 
that  type  of  thinking. 

First,  it  is  usually  the  same  per¬ 
son  complaining  about  low  pres¬ 
sure,  forcing  you  to  establish  an  op¬ 
eration  convention  for  him.  All  too 
many  maintenance  people  begin  to 
think  of  that  person  as  representing 
“production.”  and  his  needs  repre¬ 
senting  system  needs.  Perhaps  he 
has  a  problem  rather  than  the  sys¬ 
tem.  Low  pressure  at  the  point  of 
use  dots  not  necessarily  mean  in¬ 
adequate  power  in  the  system.  It 
may  mean  a  configuration  problem 
or  excess  demand  in  that  sector. 

Second,  the  low-pressure  situa¬ 
tion  is  valid  only  at  peak  demand. 
The  balance  of  the  time  you  are  de¬ 
stroying  the  cost/hour/  100  cfm.  You 
could  have  served  the  peak  with 
useful  storage  and  articulated  the 
"on"  power  the  balance  of  the  time, 
holding  your  cost/hour/  100  cfm 
rather  flat.  The  more  constant  the 
cost/  100  cfm.  the  more  efficient 
and  cost  effective  the  system. 

A  subsequent  article  Will  examine  cost  component 
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EXECUTIVE  BRIEE/NG: 


Compressed  Air  Costs 

The  first  step  in  controlling  compressed  air  costs 
is  finding  out  what  you  have  and  how  much  it  costs. 
Here  is  a  review  of  the  procedures  for  auditing  a  system. 


Auditing 


By  Scot  Foss 


EXAMPLE  A:  AIR  TREATMENT 
COST  SUMMARY 

System  Air  reactivated  dryer  with  10.000  cfm  capacity.  750  cfm  system 
flow,  5850  hr  operation  annually 

Purge  air:  Assume  12  percent  of  dry  capacity,  SO.06/kWh.  0.92  compressor 
motor  efficiency,  and  4.55  cfm/hhp  compressor  efficiency 

10.000  >  0.12  cfm  purge  0.746 
455  XI 00 

0.06 

X  ~  $0.1 711 /hr/1 00  elm  purge  air 

Breakdown  maintenance: 

$1500  annual  breakdown  1 

rare.  U - : - ■‘'rSwa.aA  =  $0.0342/hr/100  cfm 

5850  hr  service  annually  TSO/rOO 

Desiccant  change:  Assume  desiccant  al  $3. 10/lb  and  534  lb  per  tower  times 
two.  labor  to  change  at  two  people  for  4  hr  at  $20/r.  one  change  every  2  years. 

$3.10  y  1068  4  8  X  20  1 

5850  X  2  *  T^l/POO'  "  5°  °395/hr/1 00  cfm 

Depreciation  expense:  Assume  $13,500  dryer  purchase  price  and  a  5  yr 
straight-line  depreciation  method. 

$1350015  1. 

gggQ  ’‘Tj^l'OO  ~  $0.06 15/hr/1 00  cfm  depreciation 

Summary: 

Purge  air  cost  . $O.I77l/hr/IOO  cfm 

Breakdown  maintenance . 0.0342 

Desiccant  change  plus  labor . 0.0395 

Depreciation  expense  . .0.0615 

Total  . $0.3063/hr/100  cfm 

Hourly  cost:  $0.3063  x  750/100  =  $2,297 
Annual  cost:  $2,297  x  5850  =  $13,438.92 


E\cry  plant  is  a  candidate  for  a 
si'mpicssod  .III  sysicin  aiuiit  — 
even  l;u.ililii->  tli.ii  >.00111  to  li:i\o 

(ISOUUIllO  till  II  |’iol>loiii>.  Oltoii. 
tliOM.  I.KilitiO'  li.no  iii.iii.iuod  iiiil\ 
til  (l\OI  I'KIWOI  piollloins  VMtlllUlt  il|1- 

pl\  iiig  onntiiiK. 

I  lio  ii.'ists  Ini  .iiidit  oaloiilatinn  is 
oiist/liinii/ Itli)  olm  til  oiiiiipiossod 
an  I  Ins  unit  is  o.iloulatoil  Iin  i  aiu.i- 
iKiii  I  Mocaiiso  siiiTjil)'  oaii  oioato 
domaiul.  anil  operating  equipment 
docs  not  nocossiiiih  have  any  oor- 
lelation  to  dotii.iiid.  the  unit  of 
measuto  should  ho  pnxliuiion  ile- 
maiul.’' 

Eight  primary  cost  components 
must  ho  iiuesiigatod: 

j’looliicits  01  .iltoi n.itiNo  eiioig\ 
VN'.itcr  01  ait  eixiling 
Contaminant  control  equipment 
(dryers,  filters) 

Prc\enli\e  maintenance 
Breakdow  n  mamienaiioe 
Operaiois 
I7epieoi.iiion 

Misoell.mooiis  (mierosi  on  inven¬ 
tory.  insurance,  supervision, 
general  administration,  etc.) 

I’indmg  the  costs  may  he  iliflicult 
because  these  items  usualh  are  not 
idcntilicd  as  compressed  air  ex¬ 
penses.  Although  the  accounting 
department  may  not  idenlily  the.se 
items  as  compressed  air.  they  arc 
still  real  com|ioncnts  of  the  cost  of 
compressed  air.  Each  component  is 
essential  to  investigating  and  tun¬ 
ing  the  .system. 

*  tlu*  rt'l.ilitxivliip  Aiiii  lU'iti.iml 

.mil  nlhi'r  s\sU‘iu  ionlrol  I.Klorv  u.ts  hi 

a  prc'iiiiiv  nrlKic  ('*Lu>ni»inK-\  tif  ( imiprcs*^‘d 
Air  ■ ) 


Electricity  costs 

Electricity  is  the  largest  component 
of  the  cost  of  compressed  air.  It 
represents  45  10  70  percent  of  the 
total  unit  cost,  depending  on  the 
electricity  rate  structure.  In  the 
United  States,  the  cost  ranges  from 
$0,025  to  $0. 16/kWh.  The  electric¬ 


ity  cost  for  compressed  air  can 
range  from  $0.50/hr/100  cfm  to 
$3.82/hr/100  cfm.  Therefore,  cost 
savings  that  can  cut  demand  or 
unload  horsepower  are  important. 

Eour  areas  of  configuration  im¬ 
provement  significantly  reduce 
electricity  cost:  1.  minimizinu 
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CALCULATING  COMPRESSED  AIR  COSTS 

For  most  facilities,  finding  the  costs  may  be  difficult  because  data  entry  on  the  Item 
does  not  identify  it  as  a  compressed  air  expense.  If  the  cost  factors  are  not  available 
directly,  they  can  often  be  estimated  from  broader  cost  factors.  The  physical  factors 
such  as  flow  and  electricity  usage  can  be  measured  directly.  The  following  equations 
are  basic  to  a  system  audit. 

Overall  cost  of  compressed  air 

Equation  1:  Basic  compressed  air  cost 

,/u  /1AA  f  total  system  cost/hour 

Cost/hour/IOO  dm  = - „„ - 

demand/IOO 


Electrical  component 

Equation  2:  Electrical  cost  (kWh) 

^  ^  0.746  compressor  power  rating  x  electricity  rate 

Electricity  cost  = - - - ^ .  - - - 

motor  etticiency 

Equation  2a:  Electrical  cost  (kVA) 

,  0.746  compressor  power  rating  x  electricity  rate 

Electricity  cost  =  - - - — 5—7 - - - 

motor  etticiency  x  power  tactor 

Equation  3:  Electrical  cost  of  compressed  air 

.  .  ,  .  „  .  .  electricity  cost 

Electrical  cost  ot  compressed  air  =  - ,  .  „ — 

compressed  air  tlow/100 


Cost  of  compressor  cooling 

Equation  4:  Cooling  water  flow 
„  ^  „  compressor  power  rating  x  2545  x  60 

(temperature  out  -  temperature  m)  x  500 


Cooling  water  cost 


Equation  5:  Cooling  water  cost 
_  cooling  wafer  flow  X  water  rate 


actual  air  demand/100 


Units  of  measure: 

demand  =  cfm 
cost  =  dollars 

overall  cost  =  dollars/hour/100  cfm 

motor  efficiency  =  decimal  fraction 

electricity  rate  =  dollars/kWh 

compressor  power  rating  =  brake  horsepower  (bhp) 

power  factor  =  ratio 

compressed  air  flow  =  cfm/hour 

electrical  cost  =  dollars/hour/100  cfm 

cooling  water  flow  =  gph 

temp  out  =  deg  F 

temp  in  =  deg  F 

water  rate  =  dollars/1000  cu  ft 

cooling  water  cost  =  dollars/hour/100  cfm 
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wiisic.  2,  ciinlrolliii};  ilcin:iiul.  3. 
Cdniiolhiig  coinprcssoi s.  :inii  4. 
ulili/.ilixn  ()l  sl(ii.i}:c. 

Tlic  cllii.icnL>  1)1  the  system  (the 
abilit\  to  shut  off  compressors)  is 
far  more  important  titan  the  effi¬ 
ciency  of  tlie  compicssors. 

In  measiirmj:  elecirieily.  tiie  kil- 
ou.iit  IS  the  only  apitropi iate  iimt 
of  measure  for  most  applications. 
The  clcctiical  component  of  com- 
presscil  .III  IS  c.ileiil.ileil  usmji 
I  l:i|ii.iiion  2. 

The \.nial)lesol  powei  consump¬ 
tion.  motor  cllicicney.  anil  itowcr 
fiictor  arc  not  on  a  stiaight  line  with 
compressor  capacity.  Optimum  cl- 
licicncy  is  neai.  hut  not  necessarily 
at.  n.it  out  operation  ol  the  com¬ 
pressor  All  other  conditions  of  part 
load  affect  the  variables  negatively 
to  some  degree.  Because  it  is  often 
difficult  to  get  performance  data 
from  suppliers,  and  values  vary  with 
the  load.  It  IS  best  to  measure  and 
record  electric  power  consumption. 
Once  electric  power  consumption 
has  been  determined,  you  can  cal¬ 
culate  the  electrical  com|-K)nent  of 
compressed  air  with  Lquation  3. 

Cooling  costs 

If  your  facility  has  air-c<x)leil  com- 
picssois.  the  eiHilmg  Ians  may  be 
mounted  on  the  compiessoi  motoi 
shaft  01  diiven  by  a  separate  motor. 
In  both  cases  the  horsepower  rating 
and  attendant  costs  must  be  deter¬ 
mined.  A  cixihng  fan.  however,  is 
not  a  variable-speed  deviee.  It  op¬ 
erates  fiat  out  regardless  of  the  load 
eondition  of  the  comprc.ssor.s. 

Even  when  unloaded,  the  com¬ 
pressor  generates  heat  that  mu.st  be 
removed.  If  it  is  unloaded  at  the 
same  time  that  another  unit  is  sup¬ 
plying  the  system,  the  air  or  water 
cooling  media  must  be  added  to 
the  operating  cost  of  the  system. 

For  example,  a  IIK)  hp  compre.s- 
.sor  ctipablc  of  470  efin  is  operating 
in  a  sy.stcm  with  another  similar 
compressor  that  is  running  flat  out. 


Every  unit  of 
pressure  demand 
generated  by  system 
components  adds 
energy  cost  to  the 
system. 


The  clcctiical  cost  is  Stl.Oh/kWh. 
CiHJIing  cost  for  the  compressor 
running  flat  out  is  $0.  l5.S/hr.  which 
reduces  to  $n.()3.36/hr/IOO  cfm. 
When  the  second  unit  is  running  at 
.‘'0  percent  of  capacity,  its  etxrling 
cost  is  the  same  as  for  full  output. 
The  cost  for  the  second  compres¬ 
sor's  cooling  increases  to  $0.0fi87/ 
hi/I(KI  cfm.  When  the  combined 
cooling  cost  for  operating  both 
compressors  in  these  modes  is  di¬ 
vided  by  system  output  (470  +  23.3 
cfm).  the  system  cost  becomes 
$0  04.Vhr/I(K)cfm. 

If  your  facility  has  a  w.-itcrcixilcd 
machine  or  system,  the  cost  of 
water  in  gal/hr/KK)  cfm  must  be 
obtained.  Many  plants  know  the 
cost  of  i(K)0  gal  of  water  for  city, 
well,  and  tower  water.  Usually 
these  costs  range  from  $0..').')  to 
SI.80/HKK1  gal.  'Ib  calculate  the 
water  flow  across  the  compressor 
when  data  at  various  inlet  temper¬ 
atures  are  not  available,  use  Equa¬ 
tion  4;  cooling  water  eost  ean  be 
ealeulated  with  Equation  5. 

For  a  eiosed  loop  or  tower  with 
glycol,  the  faetor  of  5(K)  in  Equation 
4,  which  is  used  for  a  oncc-through 
.system,  must  be  reduced  to  account 
for  the  lower  heat-transfer  rale. 
Factors  that  contribute  to  the  eo.st 
of  cooling  water  include  makeup 
water,  sewage  cost,  pumping  cost, 
fan  cost,  maintenance,  electricity 
for  the  system,  and  depreciation. 

Furthermore,  if  the  cooling  water 
is  allowed  to  run  for  a  compressor 


proilucing  no  flow,  its  cost  must  be 
calculated  into  (he  cost/hoiir/KK) 
elm.  An  average  cost  would  he 
S(l.3()/hi7l(l()  elm  although  costs 
can  run  as  high  as  S().75/hr/I(H)  cfm 
on  oncc-through  systems. 

Air  treatment  eost.s 
Cletinup  equipment  such  as  dryers 
and  liltcrs  are  a  necessary  part  of 
most  plant  oi  process  air  systems. 
UnfortunateK.  the  selection  and 
installation  ol  this  equipment  tends 
to  be  experiential.  Clearly  delined 
problems  anti  well  conceived  con¬ 
figuration  technology  seem  to  be¬ 
come  the  victim  of  the  common 
philo.sophy:  "If  its  worth  doing,  it's 
worth  overdoing."  Without  the  au¬ 
dit  function  of  measuring  results 
and  co.sts.  perhaps  this  approach 
can  be  justified. 

Many  types  of  dryers  are  availti- 
ble  including  refrigerated,  direct 
expansion,  heat  less  and  heat  reac¬ 
tivated.  thermal  mass,  and  deli¬ 
quescent.  Most  dryers  in  current 
use  arc  the  refrigerated  noncycling 
or  the  hcatless  regenerative  types. 
The  effectiveness  of  these  units  is  a 
function  of  inlet  temperature,  ve¬ 
locity.  ambient  conditions,  part 
load  condition  of  the  system,  and 
ilrtiinage  licsign. 

l-or  auditing  purposes,  both  types 
ol  dryers  have  the  same  character¬ 
istics:  without  energy  management 
controls  that  consider  heal  load, 
both  operate  flat  out  regardless  of 
input.  As  the  volume  of  com¬ 
pressed  air  being  processed  goes 
down,  drying  cost/hour/lOO  cfm 
and  maintenance  co.sts  rise. 

When  evaluating  refrigerated 
dryers,  remember  that  most  arc 
equipped  with  hermetic  and  semi- 
hcrmctic  compressor/motor  com¬ 
binations.  Motor  efficiency  and 
power  factor  are  much  lower  than 
that  of  the  average  industrial  motor. 

With  regenerative  drying,  it 
takes  purge  air,  electrical  heat  en¬ 
ergy.  or  a  combination  of  the  two 
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EXAMPLE  B:  MAINTENANCE 
COST  SUMMARY 

Assume  that  we  have  a  100  hn  compressor  (rotary  screw).  2000  hr 
preventive  maintenance  (PM)  including  lubricant,  a  5  year  air  end  failure, 
inside  labor  of  $40/hr.  and  outside  labor  including  travel  time  and  expense 
of$60/hr: 

1.2000  hr  PM  including  parts  and  labor  . $750 

2.  Annual  maintenance,  parts  and  labor . $657 

3  Breakdown  maintenance  expensed  over  5  years  at  $6720 . $1344 

4  Outside  labor  at  125  br/yr  . .  ..$750 

Total  annual  cost . $3501 

Note  Tbe  above  figures  were  supplied  by  two  compressor  service  compa¬ 
nies  and  two  end  users  in  various  locations,  and  averaged. 

Assume  a  470  cfm.  100  bp  compressor  at  100  percent  of  capacity  for  5850 
hr  operation  per  year” 

$3501  annual maintenance’5850 hr  n 

- - =  »■  1273/l.r/lOO  cfm 


Less  than  optimum  outpul  of  "On"  compressors  could  significantly  increase 
the  cost/hour/100  cfm  in  addition  to  Increasing  real  Maintenance  expense. 


EXAMPLE  C:  TOTAL  SYSTEM 
COST  SUMMARY 

System.  Two  100  hp  compressors  and  one  standby  100  hp  compressor 
producing  a  system  capaciy  of  1000  cfm  capacity  but  operating,  at  an 
average  system  demand  of  750  cfm.  water  cooling,  regenerafive  air 
reactivated  drying,  electricity  al  SO  06/kWh.  motor  efficiency  of  92  percent. 
5  yr  straight-line  depreciation,  and  average  burden 

Component  of  cost  Cost/hour/100  cfm 

Electricity . . $1.2765 

Water  cooling,  once  through,  $1 .35/1000  gal  . 0.6321 

Ancillary  equipment 

Drying... . 0.2932 

Filters . 0  .0394 

Maintenance 

Preventive  maintenance . 0.0892 

Breakdown  maintenance  . . 0.0860 

Outside  labor . 0.0476 

Operators,  inspection,  etc. . . 

Depreciation  . 0.5059 

Total  hourly  cost/100  cfm . . $3.0339 

7.5  units  (100  cfm)  x  $3.0339  for  system  flow . $22.75/hr 

5850  hr  of  service  x  $22.75  . $133.112.36/yr 


an  average  of  12  to  14  percent  o 
the  inpiil  energy  to  operaie 

file  eonsiiiiienis  ol  iliying  h'n 
are  electricity  (if  any),  pmge  .in  (i 
any),  water  or  air  eixiling  (if  any ) 
Itreakilown  inainlenanee  (ineliul 
mg  l.ilmr).  ilesieeani  eliaiiee  (m 
eliulmg  lalioi).  and  depieeialmii 

C'aleul.ilions  lot  di  >ing  cosl'-  an 
illustraleil  in  Example  A.  "Ai 
Treatment  Cost  .Siimmaix." 

The  aluliiy  to  maleli  ele.inn| 
eqniimieni  to  the  sysiem's  lo.u 
l.ngely  mlliieiiees  timl  eosi  elli 
eieney.  Al  .Sd.llfi'k \Vh.  reliigeialei 
drying  can  cost  |■>elv^een  $0  07  aiu 
SO.  I.Vhr/lOO  efin.  I?egeneiali\i 
diving  al  the  same  eleeliieily  lali 
eai’.  cos!  hetv.een  SO  22  am!  St!  .10 
lir/l(KI  elm.  Considering  these  cos 
variables,  a  wise  business  ilecisioi 
comes  from  delining  the  problen 
and  sy  stems  technology. 

Eillralion  should  be  selecled  oi 
the  basis  ol  wet  load  ililleienii.il 
capacity  to  hold  dirt,  and  apphea 
bilily  to  the  system.  Every  unit  o 
pressure  demand  generated  by  ci 
Iher  wet  load  clean  or  the  amoun 
of  ilirl  allowed  to  acciimiil.ile  .idil 
energy  cost  to  the  system. 

Filler  elements  should  bi 
changed  when  the  cost  of  energy  li 
maintain  the  system’s  presstiie  e\ 
ceeds  the  value  ol  the  leplacemen 
element.  Initial  selection  shouli 
account  for  these  issues.  The  con 
sliliicnis  of  cost  for  lillering  ar 
maintenance  (including  ilrainag 
and  clement  changes)  aiul  ileprc 
eialion.  Power  costs  will  show  up  i 
electricity,  but  should  not  be  ovei 
IcHikcd  for  audit  purposes. 

Mainlvnnncc  costs 
Three  di.stinci  categories  of  main 
tcnancc  should  be  audited:  prever 
live  maintenance,  breakdow 
maintenance,  and  outside  service 
You  should  know  the  ilifferenc 
Iictwcen  the  cost  of  outside  labc 
and  full-burdened  inside  labor. 

Tlicrc  can  be  a  substantial  diffci 


8 


MAINTENANCE  TECHNOLOGY/DECEMBER  1 


i 

I  CIKC  hciwccn  ininiintitn  piLAcnli\o 
iD.iinlcn.iiu (.-  .111(1  (|ii.ilil\  |)i(.-\(;ii- 
I  li\(.-  iii.iiiil(.  ii.iii(.(.'  piniiiiims  :iii(l 
•hcii  mlliiciKc  on  liicakilown 
;  n.nrUcn.incc  (.iiul  Ihc  consc- 
c|U(.MKC'«  ihci(.’('l)  M.iin  lacililicv 
j  lia\c  Iciiiiul  Ih.il  tcconK  of  Ihcsc 
j  cvpi’n^t '•  .IK  In'.!  m  iIk' aicotiMlmi; 
i  sv>.l(.ili  -Appiopi Mil.-  il.ila  eoilinsi 
(..ID  make  .iiuiiiinu  ax  xvcil  ■i''  liiiuic 
ilecKioii'.  miK.  Ii  c.iMci  icuaulmj;  Ihc 

I  .III  sv'.Km  iis  losi  (lli(.iciK\.  iix 
null  cIIk  !(.  ii(  icN.  .111(1  ((|Dipmcni 
I  cl  II  ciiK'iii  i^MiiK  M.iinlcii.iiu  c 
(.(Kl  (..ilciii.ilions  .DC  oiilliiicil  III 
'  I'x.implc  15.  "M.imlcn.incc  C'(>'>l 
I  .Summ.iiN  ” 

I  Operator  ciiels 

{  Whcihci  opci.ilois  .lie  cmphncil 
I  tIcpciuK  upon  the  m/c  and  man.iuc- 
■  abiliiN  of  the  •<\sicm.  union  aurcc- 
mcnis  ihc  picecncc  ol  compicsMir 
i  coniroK  l(i  man.iuc  tlic  sjelcm  cf- 
I  (icicniK.  aiul  scheduled  data  collcc- 
I  lion  for  momtorinj:  mainicnance 
i  and  performance.  A  numher  ol 
companies  sui\c\C(.l  used  .in  a\ei- 
1  age  of  5  pel  cent  ol  an  oiieraloi's 
j  annu.il  cost  ol  'jdll.iiiiii  loi  nioniioi- 
I  ing.  The  ojici.iloi  eosi  laeloi  can 
grealK  influence  the  need  and  sc- 
leclion  ol  .luiomation  ni.m.igenieni 
and  d.il.i  colleclion  ci|iiipnienl. 

Dcprecialioii  and  iiislallalioii  costs 
Although  deiiieeialion  is  not  nor¬ 
mally  assigned  speeilicalK  to  the 
system  operating  data  for  aeeouni- 
ing  pur|>ises.  ii  is  a  leal  cost  loi 
auiliting  purposes.  There  are  as 
many  methods  for  depreciation 
sehcduhng  as  aecounting  conven¬ 
tions.  Investigate  the  method  used 
by  your  eompany. 

The  cost  of  ilepieeiation  on  a 
I0(K)  cfm  capacity  sy.stcm  operating 
at  T.*!!)  cfm.  with  a  capital  co.st  of 
$72.(KK)  and  an  installation  cost  of 
SI.'i.fMX).  operating  .‘i.S.SO  hr/yr  is 
S()..'596/hr/l(K)  eu  ft  using  Ihc  .“i  yr 
straight  line  method. 

Although  many  people  would 


XXhe  cost  of 
■i^reventive 
.^maintenance, 
breakdown 
maintenance,  and 
oiitside  service  must 
included. 


minimi/c  Ihc  depiecialion  cost  l.ic- 
loi.  auililing  should  show  whelher 
\ou  aie  recening  full  value  for  the 
eapilal  investment.  Whelher  ihe 
cominessois  me  iiarl  lo.uleil.  lulh 
loadeil.  oil.  oi  standing  by.  depie- 
eialion  expense  must  be  laetored 
simply  because  they  are  there.  The 
condition  of  loading  m  Ihe  system 
will  give  you  an  idea  ol  Ihc  value 
being  received. 

Mi.secllancous  costs 
Many  costs  can  be  used  in  the 
mi.scellaneous  cost  category  or,  in 
most  ea.ses.  be  factored  into  other 
categories.  These  costs  iiieiude  in- 
leresl  on  inventory  (value  x  prime 
interest  rate  x  1 .7);  inventory  aging 
to  destruction  (7  to  9  percent  of 
invenlory  annually  )i  insuianee  ex¬ 
pense;  supervision  expense;  pur- 
ehasmg  expense  (a  percent  ol  pur¬ 
chase  value);  and  administration  (a 
percent  of  total  cost). 

The  type  of  cost  accounting  sys¬ 
tem  used  ilelermincs  how  these 
costs  arc  handled;  however,  these 
items  arc  all  real  costs  that  cannot 
be  ignored.  Other  costs  may  have 
been  ovcrhxikcd.  However,  we  :irc 
only  setting  up  guidelines  for  a 
convention  that  will  retilistically  as¬ 
sist  the  user  to  analyze  efficiency 
and  cost  value  effectiveness. 

All  of  thc.se  factors  can  be  called 
burden  or  be  applied  to  Ihc  individ¬ 
ual  calcgoric.s.  Once  the  annual 
costs  have  been  computed,  divide 
them  by  the  hours  of  operation  and 


then  divide  ih.ii  ligure  In  Ihe  s\s-  • 
lems  Mow  (liv ided  In-  KKI  lo  gel  Ihe  ' 
eosi  III  doll. iis/houi/IIHI  elm. 

i 

Summary  | 

When  you  eonsider  the  miilliiude  ‘ 
of  variables  and  Ihe  initnile  eonlig-  [ 
iiralioiis  |X)ssible.  il  is  no  suipiise  | 
to  leal  n  lhal  eosis  for  KHI  elm  ol  i 
eompresseil  ail  can  vary  fioni  SI  Ml  i 
lo  over  S.‘'.(KI/hr.  ' 

Ovei.ill  eosis  aie  otilhned  in  I'x-  , 
.iiiiple  (  '.  "  filial  .Sysiem  (  'osi  Sum- 
niary."  This  ex;iniple  piovules  nu- 
melons  opcxii  tunilies  to  inipiove  ! 
efficiency  and  reduce  cost.  A  com-  ! 
binalion  of  demand  and  suppiv  j 
managenieni  eonirols.  with  a  mine 
arlieiilaled  trim  eonliguralion  such  j 
as  one  MM)  hp  and  two  or  three  .Stl  j 
hp  units,  could  reduce  unit  costs  by  I 
20  to  2.'i  percent  and  annual  costs  ; 
by  .to  to  4.‘i  percent.  | 

There  arc  many  ways  to  reduce  ■ 
demand  and  unit  cost  while  im-  j 
proving  production  quality.  Where  i 
should  you  begin?  The  first  step  is  i 
a  configuration  audit  with  value 
.inalysis.  The  most  efficient  equip-  ■ 
iiient  in  a  jxiorly  eonfigureil  system  ! 
will  produce  mcdioeic  results.  j 
If  improvement  in  production  i 
quality,  reduction  in  downtime,  and  j 
inipiovcd  costs  are  importani  to 
you.  gel  eoinpresscd  air  out  of  the 
area  ol  uiiassigncd  cost.  Il  is  doubt¬ 
ful  lhal  any  other  system  in  a  mod¬ 
ern  facility  can  offer  as  many  vari¬ 
ables  of  cost  or  opportunities  for 
expense  reduction. 

Scot  Foxs,  PIL.  Charlotte,  NC,  hax 
been  involved  in  design  and  analvsis 
of  compressed  air  systems  for  22 
years  for  several  compressor  manu¬ 
facturers.  As  an  independent  con¬ 
sultant,  he  directs  system  auditing 
and  balancing  .ttudies  and  prc.sents 
public  and  inplant  seminars  on 
compres.sed  air  .sy.stem  analy.d.s. 
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Controlling  Demand  in 
Compressed  Air  Systems 

Half  of  the  energy  used  by  most  systems  is  wasted  by 
uncontrolled  demand.  Attention  to  system  control  and  balance 
can  pay  significant  dividends-more  than  $1390  per  shift 
per  year  in  a  typical  uncontrolled  25  hp  system. 

By  R.  Scot  Foss,  PE,  Plant  Air  Engineering 


ver  the  past  15  to  20  years, 
o  responsibilily  for  the  end  results 
in  compressed  air  systems  has  been 
shifting  to  compressor  room  equip- 
mciii.  I)ii\cn  In  the  (.Icvclopmcnl  of 
packaged  air  compressors,  thus  ap¬ 
proach  is  responsible  for  considerable 
waste  of  energy  and  a  number  of 
Consequetal  problems 

The  desired  result  of  a  compressed 
air  vy^lcm  is  pncumaiic  |x>nci  al  Ihe 
[■xiini  of  me  ilehxcicil  at  suflieienl 
volume  and  pressure  to  do  the  job. 
When  difficulties  occur,  most  owner 
operators  throw  prepackaged  engi- 
nccreil  Noliiliom  at  ixxnly  defined 
problems  with  little  thought  given  to 
configuration  technology  The  pre¬ 
packaged  solutions  seldom  produce 
more  than  marginal  improvement  for 
short  periods  of  time. 

Most  perceived  system  problems 
can  be  solved  by  overwhelming  them 
with  energy.  However,  this  solution  is 
certainly  the  most  costly,  from  both 
capital  and  operating  viewpoints.  In- 
testingly.  it  is  not  the  user  who 
believes  he  has  problems  (that  is 
pleased  by  such  a  “solution.”  but  the 
one  who  has  “soived”  these  problems 
by  wasting  30  to  50  percent  of  his 
input  energy.  He  feels  pleased  be¬ 
cause  management  has  supported 
him  with  capital  to  overpower  the 
problems.  This  approach  takes  away 


one  problem  and  leaves  others. 

The  common  requirement  of  I(K) 
cfm  at  80  psig  is  an  expression  of 
what  is  desired  at  the  point  of  use.  If 
all  of  the  resposibilit  for  that  result 
is  assigned  to  compressor  room 


^^Only  half  of 
4fae  demand  in  a 
typical  unco^olled 
system  is  result 
of  real  prfluction 
'.dem^b. 


equipment,  you  have  joined  the  mul¬ 
titude  of  users  who  have  begun  the 
endless  journey  of  fdling  the  bottom¬ 
less  pit  of  unconntrollled  demand. 

All  compressed  air  systems  have 
three  fundamental  elements:  de¬ 
mand,  distribution  and  storage,  and 
supply.  These  three  factors  must  be 
controlled  for  the  system  to  work  at 
optimum  energy  and  quality  levedls. 
A  properly  designed  and  operated 
system  can  be  described  as  “refining 
the  energy  response  to  a  controlled 


demand  through  a  controlled  storage 
system.” 

Only  half  of  the  demand  in  a 
typical  uncontrolled  system  is  the 
result  of  real  production  demand 
The  rest  goes  for  artificial  demand, 
poor  applications,  and  leaks.as  illus¬ 
trated  in  the  accompanying  chart. 

•  Artificial  demand,  which  repre¬ 
sents  at  least  15  percent  of  typical 
System  demand.is  generated  by  an 
application  where  the  operation  has 
adjusted  the  pressure  to  a  higher  level 
than  ncccwarye  (often  wide  (open)  In 
lieu  of  appropriate  control  pressure 
maintenance.  It  is  also  representative 
of  applications  where  a  regulator  was 
not  installed  because  if  was  not  con¬ 
sidered  essential  to  the  application 
Regulators,  however,  are  essential  to 
system  control  because  demand  is  a 
function  of  supply  pressure.  A  de¬ 
mand  of  100  cfm  at  80  psig.  if  not 
regulated  at  80  psig.  will  increase  to 
120)  cfm  at  100  psig.  If  a  I(K)  cfm 
compressor  at  100  psig  is  installed  to 
handle  100  cfm  at  80  psig.  it  cannot 
deliver.  The  pressure  will  drop  to  less 
than  80  psi.  and  the  system  will  use 
33  percent  more  energy  than  neces¬ 
sary  to  do  a  poor  job. 

1  Demand  from  poor  applications  is 
generated  by  using  compressed  air 
for  keeping  workers  cool  during  the 
summer,  open  air  lines  for  parts  below 
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TYPICAL  SYSTEM  DEMAND 


Real  Arlificiai 


Poor  applications 


Only  half  of  the  demand  in  most  compressed  air  systems  goes  for  real 
production  work.  The  rc.tt  is  lost  through  mismanagement 


EXAMPLE  1 -TYPICAL  UNCDNTROUED SYSTEM 


Supply 

capacity 

too  cfm 

110  psig 

T 

Leaks 

Original 

20  cfm 

110  psig 

•  ••***»t* 

production 

demand 

100  cfm 

80  psig 

1 

No  demand  controls 

Less  than  total  demand 

therefore  no  storage 

controls  system  response 

63  5  lb 

No 

12.71b  ^ 

50.81b  --  117.7  cfm 

70  psig  °  70  psig 

110  psig 

storage 

110  psig 

lOO^.o  load 

Leaks 

Demand  Drawdov^n 

This  typical  system  only  "secs"  the  70  psig  demand  and  "thinks"  it  needs 
another  compressor. 


ACTION  PLAN  TO  IMPROVE 
THE  COMPRESSED  AIR  SYSTEM 


1.  Control  demand  (weight  flow) 
Install  intermediate  or  sector  con¬ 
trols 

Install  poinl-of-usc  controls 
Consider  operating  pressure  of  the 
compressors 

Develop  storage  systems 

2.  Reduce  demand 

Educate  hourly  workers  and  sys¬ 
tem  operators 
Correct  ptxir  applications 
Eliminate  leaks 

Shut  off  abandoned  equipment 


3.  Reduce  horsepower 
Unload  unnecessary  machinery 
Refine  part  load  and  trim  load 
Operate  at  the  best  power  flow 

4.  Reduce  ancillarics 
Water  and  air 
Clean  up  equipment 
Preventive  and  breakdown  main¬ 
tenance  with  predictive  diagnos¬ 
tics 

Automate  where  possible  to  re¬ 
duce  operator  expense 


off.  cleaning  the  flexir.  and  other  in¬ 
appropriate  applications.  Most  of 
thc.se  applications  require  impinge¬ 
ment  energy,  calculated  as:  Impinge¬ 
ment  energy  =  'A  mass  x  velocity-. 
Ma.ss  is  a  function  of  volume,  so 
impingement  energy  is  a  function  of 
half  the  volume.  However,  impinge¬ 
ment  energy  is  a  function  of  the 
square  of  the  velocity.  Therefore, 
high-velocity  or  high-thrust  nozzles 
can  reduce  the  demand  for  these 
ilnilications  by  Wl  to  70  percent  and 
improve  the  end  result.  These  dc- 
vicc.s.  like  all  air  equipment,  must  be 
applied  rather  than  “thrown"  at  the 
problem. 

•  Leaks  arc  an  ever  prc.scnt  problem 
for  all  users.  They  arc  never  dealt 
with  bccau.se  they  arc  not  identified 
by  location,  quantified  by  volume 
and  pressure,  or  expressed  in  dollar 
cost.  When  they  arc  properly  identi¬ 
fied.  management  will  respond 
quickly.  There  arc  three  types  of 
leaks:  abandoned  equipment  leaks, 
where  operators  walk  away  from  their 
work  stations.  leaving  the  compressed 
air  on:  mcclianical  operational  leaks 
in  valves  and  controls  requiring  main¬ 
tenance;  and  plumbing  leaks  in  pipe, 
hose,  disconnects,  and  fittings. 

User  education  is  needed  in  the 
area  of  unproductive  demand  factors. 
Furthermore,  there  is  equipment 
available  for  dealing  with  thc.se  issues, 
including  controls  that  automatically 
shut  off  abandoned  equipment  and 
ultrasonic  detectors  for  locating  leaks 
in  the  system.  Thc.se  devices  produce 
an  attractive  return  on  invc.stmcnt 
considering  the  real  co.st  of  com- 
prc.sscd  air. 

Both  ends  of  the  di.stribution  .sys¬ 
tem  must  be  controlled.  At  the  points 
of  use.  demand  is  controlled  by  au¬ 
tomatic  filter-regulators.  At  the  other 
end  of  the  distribution  system,  the 
discharge  from  the  compressor  ro<im 
should  be  controlled  with  an  inter¬ 
mediate  mass  flow  controller  or  sec¬ 
tor  control.  All  capacity  to  store  air 
between  these  two  locations  is  a  func- 
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WEIGHT  OF  Am  AT  VARIOUS  TEMPERATURES  AND  PRESSURES 

Weight  of  air,  lb  per  cu  ft 


70  psig 

80  psig 

90  psig 

100  psig 

110  psig 

120  psig 

130  psig 

60  F 

0.4482 

0.4927 

0.5547 

0.596 

0.649 

0.700 

0.752 

70  F 

0.4316 

0.4824 

0.5332 

0.584 

0.635 

0.686 

0.737 

80  F 

0.4234 

0.4729 

0.5224 

0.572 

0.622 

0.673 

0.723 

90  F 

0.4154 

0.4639 

0.5122 

0.561 

0.611 

0.660 

0.709 

100  F 

0.4897 

0.4555 

0.5033 

0.551 

0.599 

0.648 

0.696 

110F 

0.4811 

0.4481 

0.4950 

0.542 

0.589 

0.637 

0.685 

120  F 

0.3944 

0.4403 

0.4866 

0.533 

0.579 

0.626 

0.673 

CONVERSION  FORMULAS 

Atmospheric  volume  flow  (ACFM)  to  supply  capacity: 

Formula: 

ACFM  X  wt  at  control  pressure  4-  wt  at  use  pressure  =  supply  capacity 
Example: 

100  ACFM  X  0.635  lb  at  1 10  psig  and  70  F  -  0.4824  at  80  psig  and  70  F  =  131.6  scfm  at  80  psig  and 
70  F,  or  63.5  lb 

Standard  volume  flow  (SCFM)  to  demand  required: 

Formula: 

SCFM  X  wt  at  use  pressure  wl  at  control  pressure  =  demand  required 
Example: 

100  scfm  X  0.4824  lb  at  80  psig  and  70  F  0.635  lb  at  110  psig  and  70  F  =  75.96  icfm  at  110  psig  and 
70  F 

Inlet  volume  flow  (ICFM)  to  atmospheric  volume  flow  (ACFM): 

Formula: 

ICFM  X  actual  psia  14.69  x  519  F  (ambient  temperature  +  460  F)  =  ACFM 
Temperature  effects  on  summer  and  winter  flow  conditions  may  be  significant. 

Summer  example: 

100  icfm  X  14.2  -r  14.69  x  519  F  h-  (95  F  +  460  F)  =  90.39  acfm 
Winter  example: 

100  icfm  X  14.5  h-  14.69  x  519  F  ^  (40  F  +  460  F)  =  102.46  acfm 
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BALANCE  +  STORAGE  =  REDUCED  HORSEPOWER 


1000:0  of 
demand 
must 

be  regulated  to 
80  psig  by 
point  of  use. 
sector,  or 
intermediate 
control 


48.24  lb 
80  psig 


48.24  lb 


100  psig 

45  sec  on 
15  sec  oil 


17.5  bhp 
loaded 

7.5  bhp 
unloaded 

20  cu  ft  in 
storage  at 
100-110  psig 


tion  of  the  controlled  differential 
pressure  and  the  compressor”s  oper¬ 
ating  pressure. 

I'or  UNcry  htiioiuclric  pic.ssiirc  r:i- 
lid  (14  .*>  psia.  for  example),  one 
capacity  of  air  can  be  stored.  For 
example,  a  400  gal  tank  has  53.5  cu 
ft  of  physical  storage  capacity.  If  the 
difference  between  the  maximum 
control  pressure  at  the  point  of  use 
(80  psig)  and  the  intermediate  con¬ 
trol  pressure  upstream  of  the  tank 
(90  psig)  IS  10  psid.  the  controlled 
differential  pressure  is  10  psid  +  14.5 
psia  barometric  pressure  =  0.69  of 
physical  capacity  This  ratio  repre¬ 
sents  0.69  X  53.5  =  38.9  cu  ft  of 
storage  at  90  psig.  In  mass  units,  the 
storage  capacity  is  38.9  cu  ft  X 
0.5332  Ib/cu  ft  at  90  psig  “19.7  lb 
of  air  in  storage. 

Typically  there  is  little  storage 
value  in  piping  for  meeting  (demand 
peaks,  but  each  system  Should  be 
evaluated  on  its  own  merit.  Dedi¬ 
cated  storage  should  be  used  for  high- 
surge  applications.  Check  Valves  up¬ 
stream  of  the  dedicated  storage  iso¬ 
late  the  surge  load  from  the  rest  of 
the  system.  Several  intermediate  con¬ 
trols  should  be  used  as  sector  con¬ 
trollers  If  there  are  sectors  in  the 
system  such  as  various  buildings,  dif¬ 
ferent  pressure  requirements,  or  ar¬ 
eas  where  usage  must  be  determined 
for  accounting  purposes. 

Point  of  use  controls  and  interme¬ 
diate  controls  are  essential  to  con¬ 
trolling  storage,  which  in  turn  in¬ 
creases  the  capacity  of  the  system 
and  reduces  the  brake  horsepower 
needed  to  power  it.  Storage  also 
affects  the  load/unload  cycle  of  the 
compressors.  The  more  storage,  the 


This  application  requires  at  least  25 
percent  of  demand  to  have  a  50  per¬ 
cent  duty  cycle  or  less  to  be  sucessful. 


longer  the  load  mode  and  the  longer 
the  unload  mode.  Reduced  cycling 
will  significantly  extend  the  useful 
life  of  the  equipment  even  if  the 

output  is  the  same. 

Without  storage,  compressors 
must  serve  every  peak  and  valley  of 
demand.  If  compressors  are  set  to 
supply  the  highest  peak,  the  ma- 
cilines  and  accessory  equipment  will 
run  during  nonpeak  demand  and 
thereby  waste  energy.  Storage  could 
be  used  to  handle  the  peak  and  keep 
the  compressor  off.  With  pressure- 
only  controls  on  the  compressor,  it  is 
not  uncommon  to  have  30  cfm  of 
added  demand  drop  the  pressure  be¬ 
low  the  set  point  for  two  200  hp 
compressors  and  load  a  third. 

As  can  be  seen  in  the  second 
cxamiilc  .sysicm  liiagratn.  iiilcrmc- 
dialc  controls  arc  the  lir.sl  priority  for 
balancing  the  system,  managing  de¬ 
mand  (including  leaks),  controlling 
storage,  and  unloading  horsepower. 
Control  of  the  inlermediate  pressure 
and  the  compressor  control  pressure 
can  change  the  storage  and  the 
weight  flow  of  demand  and  signifi- 
antly  change  the  way  the  system 
operates. 

Intermediate  control  is  the  most 
important  control  point  in  the  sys¬ 
tem.  Because  the  system  can  tolerate 
no  hysteresis  or  failure,  the  controller 
should  be  a  proven  high-reliability 
unit  (that  can  analyze  upstream  and 
downstream  conditions  and  control 
both.  This  control  point  is  an  excel¬ 


lent  place  to  evaluate  flow,  dew  point, 
storage  volume,  and  minimum  and 
maximum  pressures.  The  controller 
Should  have  tamperproogf  controls 
and  failsafe  circuits.  Witiout  this  fea¬ 
ture.  a  control  failure  would  cause  a 
system  failure. 

The  third  system  example  shows 
the  effects  of  intermediate  controls 
plus  improved  point-of-use  demand 
and  leak  repair.  Intermediate  con¬ 
trols  will  affect  all  (downstream  de¬ 
mand  regardless  of  the  presence  of 
demand  controls  and  possible  oper¬ 
ator  tampering  to  increase  the  maxi¬ 
mum  control  pressure.  The  controls 
must  create  a  pressure  differential: 
The  intermediate  pressure  must  be 
lower  than  the  lowest  compressor 
pressure  for  the  system  to  work  prop¬ 
erly. 

The  fourth  system  example  of  the 
series  illustratrs  a  fully  balanced  sys¬ 
tem.  with  automatic  demand  controls 
installed  at  all  points  of  use  to  control 
the  maximum  pressure  at  which  air 
can  be  removed.  This  point-of-use 
control  will  create  storage  in  the 
header,  subheader,  and  branch  pip¬ 
ing. 

The  example  shows  that  only  5.25 
cu  ft  of  storage  will  reduce  horse¬ 
power.  Therefore,  the  reduction  in 
overall  storage  is  not  particularly  crit¬ 
ical.  The  2  psid  pressure  drop  be¬ 
tween  the  intermediate  control  and 
the  demand  should  be  eliminated. 
And  enough  storage  should  be  cre¬ 
ated  in  the  piping  to  prevent  draw¬ 
down  from  surge  at  the  point  of  use. 
To  accomplish  this,  intermediate  con¬ 
trol  pressure  must  be  increased, 
which  will  reduce  the  tank  storage  by 
31  Cu  ft. 
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An  intermediate  control  dowtvttream 
from  storage  xvsscl  controls  leaks  and 
demand  of  Example  1,  boosting  de¬ 
mand  pressure  to  80  psig  and  unload¬ 
ing  25  percent  of  compressor  horse¬ 
power. 


By  fixing  leaks  and  improving  use 
applications  in  Example  2.  supply 
horsepower  is  reduced  to  56  percent 
of  the  original  load.  The  additional 
58. 75  cii  ft  of  .storage  xs'ill  extend  toadl 
unload  to  95.5  percent.  The  life  of  the 
compressor  has  been  increased  signif¬ 
icantly.  Supply  prc.ssiirc  could  be  in¬ 
creased  or  a  compressor  of  half  the 
size  runningflal  out  <  oidd  be  installed. 


By  adding  full  demand  control  to  80 
psig.  the  82  p.sig  intermediate  control 
pres.surc  of  Example  3  is  increased  to 
90  p.sig  to  further  balance  the  system. 
Cycling  ts  increased  .slightly,  but  surge 
is  eliminated  with  pipe  .storage. 


Uncontrolled  System  A  co.st.s  more 
than  one  third  more  to  operate  than 
controlled  System  B.  a  penalty  of 
S820f.shiftlvcar  for  electricity  only  at 
$0.07lkWh. 


EXAMPLE  2-!NTERMEDlATE  CONTROL  ONLY 


Tank  Intermediate 
240  gal  control 
82  psig 


Leaks 


^  15  elm 
*82  psig 


Original 

production  demand 

100  elm 
80  psig 


63.5  lb 

64  cu  ft 

Demand  controls  storage 

Less  than  total  demand 
controls  system  response 

47.7  lb 

64  cu  It  _ 

7.41b  . 

40.3  lb 

100  dm 

110  psig 
loaded 

storage 

82  psig 

80  psig  ° 

80  psig 

15.81b 

unloaded 

(12.5  cu  ft 
actual  usage) 

81b 

110  psig 

Leaks 

Demand 

Demand 

Supply 

capacity 


EXAMPLE  3-INTERMEDIATE  CONTROL,  NO  LEAKS, 
IMPROVED  APPLICATION 


Tank  Intermediate 
240  gal  control 
82  psig 


Leaks 

fixed 


Produ'tion 
demand 
85  elm 
80  psig 


63.5  lb 

35  75  lb 
110  psig 
loaded 
27.75  lb 
unloaded 


Supply 

capacity 


64  cu  ft 

Demand  controls  storage 


Original  demand  reduced 
15  elm  by  eliminating 
poor  applications 


64  cu  ft 
storage 

(5.25  cu  ft 
actual  usage) 


=  No  leaks 


41  lb 
80  psig 

Demand 


or 


85  elm 
80  psig 

Demand 


EXAMPLE  4-FUU  DEMAND  CONTROL 


Tank  Intermediate 
240  gal  control 


Leaks 

fixed 

Storage  in  piping 


Demand 
control 
80  psig 


uJ 

1 — 1 

1  T  «an  _  . 

n 

U 

1  10.6  cult 

41  lb 


63.5  lb  33  cu  ft 
Horsepower  same 
as  Example  3 
35.75  lb 


Storage  in  tank 
and  header 


Demand  control  at  80  psig 
plus  solid  applications 


Original 
demand 
100  dm 
80  psig 

Current 
demand 
85  dm 
80  psig 


110  psig 
loaded 
27.75  lb 
unloaded 


33  cu  ft  lank 
10.6  cu  ft  pipe 


=  No  leaks 


41  lb 
80  psig 

Demand 


or 


Storage  (5.25  cu  ft 
used  for  horsepower) 

EXAMPLE  5-COMPARISON  OF  UNCONTROLLED  AND 
63I5  S  CONTROULED  SYSTEMS 

27.5  hp  No 


85  cfm 
80  psig 

Demand 


storage 


110  psig 

100  cfm 

63.5  lb 

27.5  hp 


hit- 


7  psid  without  controls 


Olb 

1.4  bar 
storage 
45  cu  ft 


131  dm 
78.8  psig 
capacity 
63.5  lb 


Original 

demand 


100  cfm 
80  psig 


Control 


Control 


8 


1C 


0  psid  with  controls 


148  cfm 
80  psig 
I  capacity 


110  psig  28.61b  90  psig 


80  psig  71.411b 
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I  ill*.  ciinililKin  \mII  nol  iinpi(<\c  in 

li'diiii  liiiisi-|xmi-|  ,il  llu-  icimpii's- 

Mii,  ImiI  iI  uill  '■liiiili'ii  llic  Id.iiliii^ 
(Silts  III  Irnjilliiii  iIk'  is’ilis.  .in- 
ollu'i  sliii.i);c  scsM'l  iiiulil  lie  Jiiiikil 
mill  Ills'  c(iin|'H'ssi)i  ptcsMiic  m.im- 
l.imcil  ;ii  Ills'  siiiis'iil  Is'srl.  nr  llu- 
I  OllipilSSOI  piS-SSIIIS-  llllllll  lu'  111- 
sii.iMil  (il  [xissihli')  llu;  liii.il  li.ll- 
.1111  S'  111  ills'  s'X.iilipIs'  svMs-in  tins'v  lull 
ss's'iii  111  I’s'  .1  piolilcm  Olniiuisls.  .n 
sniiMils'i. tills  sm.illi'i  sompis'SMii 
i  (III  It  I  111'  list  1 1  1 1  il  SI  >11  Id  I  nil  II-ii  mil 

Ills'  .i(ls.iiil.i)'.(-  111  iiinliiil  i-^  di'iii 
(iiisli.ilcsl  lis  Ills'  lust  cx.iinpls'.  sslinl) 
s'liinpuics  Issii  sysiciiis  fs'rilurin}:  idcii- 
liCi'il  s-(|iiipiiis.-nt.  pipiii):.  :ind  ds'iiuiiul 
■’ipplis'iiliiiiis.  s'xss'pl  lliul  (ills'  sysis'm 
li:is  iiils'itiis'di.ils'  uiiil  ds'iil.'iiid  s<in- 
tinl  .Sysis'in  A  is  u  Ivpic.'il  iiiis'siii- 
iKillcd  sssis'in  .Sysls'iii  11  is  pidps’ily 
conliirurcd  svnli  cdnlinl.  I’dini-df-iisc 
icgul.ilors  aldiic  do  luil  ncs'css.irily 
iiuiis'.ils'  lli.ii  ds'iii.'ind  IS  hciiit;  cdii- 
Irollcd  ni  ilini  |xiiiil  All  |viiiii.s  df  use 
must  be  s'oiilidllesl  Id  n  m.i\iiiuiin 
pressure  Idsscr  tli.m  the  Isisvest  cdin- 
picsscir  piessuie  Id  h.ise  hiilans'e.  As 
ills'  slcni.'iiul  jiiessure  rises,  sd  iilsn 
sides  llie  deiiiiiiui 

Wiilunii  s'diilidls.  sleni.nul  in  Sss- 
tein  A  incrc.ised  Id  l.ll  cfni  .ii  1(1.1 
psij;.  cxs'eeiiiiii;  llie  e.npasily  df  ills' 
s'dinptcssdi  As  a  lesiili.  liic  I'Kiiiii-df- 
lise  pis'ssiiic  ssill  f.lll  .IS  ds'lll.liul  c\- 
ceesls  Ills'  s'.ipas'iiy  of  llie  edmi’iessui 
The  si'inpis'ssiii  ssili  lun  11. il  luii  and 
ercnle  111  elm  ai  7.S  d  psij:  ai  the 
|xitnl  df  use  as  a  funs'iidii  df  Ihc  iniliai 
sufiply  pis'ssuic  Id  a  deinand.  sshieli 
if  ednlidliesl  al  8(1  psig  svdulsl  have 
cdn.sumesl  10(1  efni. 

The  iioml  nf  u.sc  and  inlei  mediate 
eiinlrdls  in  Sysiem  B  svill  maintain 
(lemaiul  at  i(Xl  cfm  or  48.24  lb. 
Assumni):  lhai  al  least  2.1  peiceni  of 
(he  demansi  has  a  use  faelsir  of  .1(1 
pereeid  oi  less.  12. .1  cii  f(  of  (he  u.seful 
.sidrnpe  svill  reduee  svhal  (he  enm- 
pre.ssiir  "sees"  as  deinand  (12..1  cu  f( 
al  SO  psip  IS  6.0.1  lb).  The  edinpic.ssdr 
ssill  inleiprel  deinansi  as  48.24  lb  - 
6.0.1  lb  =  42.21  Ib.  or  87..1  efm  at  80 


If  compressors  are 
-  set  to  supply  the 
highest  demand, 
th^  will  run  during 
nonpeak  demand 
and  thereby  waste 
"  energy. 


psip.  di  66.47  elm  al  110  psip.  I  he 
sss'iphl  fldsv  of  demand  has  nsisv  been 
balanced  svilh  the  sveiphl  flnsv  of 
supply  inlerpicled  Ihiouph  slorape. 

The  ns'\l  pidblcm  is  lo  rediiee 
eleetiis'  |xisscr  lo  malcli  sysiem  le- 
(lunemenis  .System  H  has  a  pci- 
eeived  demand  cquisaicnl  (hat  is 
abdul  (svd-(hirds  of  the  full  load 
posser  of  the  eompiessoi.  An  ei)uiv- 
nleiK  nnidunt  of  kilosvatts  should  be 
unloaded  In  System  B.  the  4.1  eu  ft 
of  storape  svould  seise  the  demand 
befoie  the  eompiessor  operates.  The 
compressor  ssoiild  then  h.ive  to  sat¬ 
isfy  the  demand  and  icplacc  the 
storape  befoic  ii  ssouid  iinioad.  .Stoi- 
ape  IS  4.1  cu  ft  at  1 10  psip  oi  28  6  Ib 
of  air.  The  compressor  svould  cycle 
62  sec  loaded  and  .1.1  sec  unloaded 
foi  a  total  of  97  .sec.  If  full  load  is 
22. .1  kWh  and  unload  is  6  4  kWh. 
the  osciall  tisapc  is  16. .16  kWh  oi 
.$!  16/In  foi  clcctiiciis  al  .1.0.07/kWh. 
Al  2040  hi/shifl/ycar.  the  sy.sicni 
svould  cost  $2.164/shifl/ycar  and 
svould  h(dd  a  steady  poinl-of-use 
picssure  of  80  psip. 

System  A  would  fluctuate  up  to  2(1 
psid  and  reqiiiie  its  27.5  blip  com¬ 
pressor  to  run  flat  out  at  22.3  kWh 
or  $1.. 16/hr  ftir  a  total  of  S.11S4/shift/ 
ycai  OI  .14.6  peiccnt  moie  than  ,Sy.s- 
Icm  B  III  cleciricily  foi  the  eompie.s- 
.soi  alone.  That  penally  would  be  at 
least  $1,190  of  burdened  cost  per  shift 
per  year  or  more  than  $6<H1(1  on  a  24 
lioiir  basi.s. 

If  the  dcsipn  capacity  of  the  eom- 
picssor  in  System  B  is  hipher  than 


1 10  psip  al  the  same  floss-,  the  piessnie 
ol  supply  llllllll  be  ineie.ised.  thus 
nil  le.isnip.  llu-  sseipht  lloss  ol  siippls  ] 
almosl  diieslly  pio|xii lionale  lo  llie 
rise  in  f-icssuie.  i  lie  horseposser 
would  also  increase,  bin  al  half  the 
rale  of  the  piessnie  use  bv  loial 
peiceiilape  Ilieie  ssoiild  be  a  sub 
slanlial  mipiovemeni  m  the  mass 
(sseipht)  llosv  lo  iiquil  [xisvei  clh- 
cicncy.  In  System  B.  this  inciease  of 
ellieiencv  svould  cause  incieased  im 
lo.id  lime  and  ledmed  load  lime  II 
IS  alssays  a|i))io|>iiale  lo  itm  the  com 
pic.ssoi  at  Its  optimum  mass  floss  to 
]x)wcr  point  once  Ihc  .system  is  bal¬ 
anced  and  demand  is  eonliollcd. 

The  examples  have  been  eicalcd 
with  a  dcmand-sii|-iply  relationship  of 
1(X)  cfm  al  80  lo  KXl  psip  so  that  it  is 
easy  lo  relate  lo  Ihc  effect  of  these 
issues  in  cxisiinp  .systems.  When  a 
full  audit  is  performed  on  a  system, 
il  will  find  that  the  cost  of  air  is  1.7 
lo  3  times  the  co.st  of  the  electricity 
sshen  the  costs  of  water  or  air  crxilinp. 
dryers  niid  filters,  accessories,  labor 
(inside  and  outside),  dcprcciatioii. 
lunniiig  and  breakdown  maiiitc- 
nancc.  invciilory.  apinp  to  dcstiuc- 
(lon.  insurance,  adminisiralion.  cic.. 
are  included. 

Wilhoul  audilinp  Ihc  system  fioiii 
an  cnpinccrinp  coiifipuralion  as  well 
as  a  rnianciai  ixiiiil  of  view,  it  is 
diflicull  lo  pel  Ihc  nticntion  of  mail' 
apcmcni.  '^ini  may  nol  pel  manape- 
niciit  s  sinuxirl  iinlil  Ihc  next  lime 
that  you  .seem  lo  run  out  of  air  (or 
have  excess  demand)  and.  in  desper- 
alioii.  cverYone  rushes  for  a  prepack- 
aped  cnpinccicd  power  package  lo 
throw  at  the  problem. 

/\.  Scot  /yj.vc.  Pli,  is  llir  priuaptil  of 
I’hini  All  Eiif^mccniip,,  Cluirloiir.  A’(‘ 

III'  iliircis  system  aiiditiiif^  ami  hnl- 
onciiif;  stiidics  and  presents  piihtie  and 
inplant  seminars  on  enmpressed  air 
system  anal  vs  is. 


Cl  April  1990 

Maintenance  Technology  Magazine 
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Mr.  Foss  is  an  independent  consultant  who  has  audited 
more  than  750  compressed  air  systems  in  his  27 years  in  the 
business. 


Compressed  Air  is 
Free . Isn't  It? 


R.  Scot  Fo«« 
Plant  Air  Tachnology 
Charlotta,  NC 
Copyright  1992 


It’s  a  lough  choice  when  a  maintenance  professional  has  to 
solve  a  poorly  defined  problem  with  a  solution  that  will  cost 
more  to  operate  in  the  first  year  than  itcosts  to  buy.  This  is  the 
dilemma  you  are  faced  with  when  you  have  to  buy  another 
compressor  to  quiet  the  typical  complaints  regarding  this 
misunderstood  utility.  There  are  a  few  things  that  are  true 
about  the  vast  majority  of  compressed  air  systems. 

1.  We  have  no  idea  how  much  we  use  or  what  we  really 
need. 

2.  We  can  not  make  good  business  decisions  about  com* 
pressed  air  because  we  don't  know  what  it  costs  us. 

3.  No  formal  or  informal  education  is  available  about 
compressed  air. 

4.  Experience  is  our  only  teacher  and  experience  is  usually 
what  we  got  when  we  didn't  gel  what  we  wanted. 

5.  The  telephone  is  the  instrument  of  choice  in  the  com¬ 
pressed  air  system. 

6.  There  are  no  standards  for  the  use  of  compressed  air  at 
the  point  of  use. 

7.  Production  has  the  authority  to  demand  more  volume  or 
pressure  with  no  responsibility  for  how  they  apply  or  use 
the  utility. 

8.  Maintenance  has  responsibility  for  how  well  production 
equipment  works  at  the  point  of  use  with  no  authority 
except  to  apply  more  power  to  solve  all  problems  no  matter 
how  misunderstood. 

9.  The  requirement  for  compressed  ^  will  increase  at  a 
faster  rate  than  any  other  utility  regardless  of  any  produc¬ 
tion  increase.  Most  systems  can  reduce  their  on  board 
power  by  more  than  40%  with  a  significant  improvement 
in  the  quality  of  the  production. 

10.  As  you  force  the  system  to  work  by  applying  more 
power,  you  will  get  less  and  less  for  more  and  more.  The 
last  time  you  added  25%  more  supply  did  you  even  get  5% 
more  results.  Despite  these  unpleasant  facts,  more  is 
considered  better. 

1 1.  Systems  that  have  problems  are  found  to  waste  enor¬ 
mous  amounts_of  the  utility.  Systems  that  don’t  have 
problems  have  been  willing  to  spend  an  unlimited  amount 
of  money  to  force  the  system  to  operate.  They  waste  more 
than  systems  who  have  problems. 


As  long  as  items  1,2,  and  6  exist,  we  have  little  choice  bi 
to  live  with  the  other  nine  items.  If  we  operated  any  of  ot 
other  utilities  like  we  operate  compressed  air.  we  would  hav 
continuous  problems.  Let's  take  a  minute  to  sec  what  w 
would  have  to  do  in  order  to  operate  our  electric  system  base 
on  the  same  principles  that  we  apply  to  the  operation  of  ih 
compressed  air  system. 

1.  W  would  have  to  remove  all  the  nameplates  from  ih 
motcrj  and  electrical  devices.  We  ixjrmally  have  no  ide 
what  volume  or  pressure  is  required  of  air  using  device 
other  than  by  trial  and  error. 

2.  We  would  buy  electrical  using  equipment  wi?jr  no  regan 
for  voltage,  amperage,  or  the  effect  that  it  might  have  on  th 
system  assuming  that  the  local  utility  would  compcnsai 
for  whatever  the  results  were  on  the  system. 

3.  We  would  remove  all  the  circuit  breakers,  transformer! 
capacitors,  and  starters  from  the  system  and  use  oni 
primary  power  regardless  of  need.  If  a  particular  use 
required  control,  we  would  put  reostats  on  tho.se  applies 
(ions  and  nothing  on  the  baluce  of  applications. 


4.  We  would  use  one  or  two  sizes  of  wire  and  connection 
components  on  all  electrical  applications  regardless  of 
voltage  or  amperage  and  expect  maintenance  and  local 
utility  to  correct  the  system  to  compensate  for  how  the 
production  works.  The  size  and  selection  of  those  compo¬ 
nents  would  be  detemnined  by  the  stores  department  rind 
purchasing  based  on  price,  availability,  and  minimizing 
inventory.  Example  use  1/4  hose  and  fitting  on  all 
applications  regardless  of  flow  or  pressure.  Once  the 
connections  are  made,  if  the  application  doesn’t  work  you 
simply  increase  the  pressure  supplying  the  equipment  until 
it  works  the  way  we  want  it  to.  Wouldn’t  thatbe  interesting 
to  do  with  electricity? 

5.  Give  every  operator  and  supervisor  the  phone  number  of 

the  local  utility.  If  the  equipment  in  production  isn’t 
working  the  way  that  they  want  it  to  regardless  of  any 
changes  in  speeds,  feeds,  faults  or  anv  other  problem,  they 
simply  call  the  local  utility  who  will  alter  the  way  they  are 
supplying  electricity  to  the  plant  to  correct  that  single 
problem.  If  they  can  not  correct  the  problem  with  more 
whatever,  they  will  simply  buy  more  whatever  or  build 
another  power  plant  and  try  again  to  solve  the  problem 
which  was  reported  over  the  telephone.  After  all ...  .  elec¬ 
tricity  is  free!  Well . certainly  compressed  air  is  free....itn’t 

it? 

Some  of  you  probably  thought  that  this  example  was 
ridiculous.  Actually  it  would  be  a  relatively  close  parallel  to 
the  way  that  most  compressed  air  systems  are  operated.  The 
sad  part  of  this  is  that  there  are  limited  resources  available  to 
learn  more  about  compressed  air. 

We  have  a  very  interesting  way  of  finding  out  if  problems 
in  the  system  create  a  diminishing  supply.  We  find  out  when 
the  last  compressor  can  no  longer  hold  pressure  in  the  system. 
The  probecm  will  begin  to  consume  supply  at  the  bottom  of  the 
capacity  of  the  last  compressor  and  not  be  noticed  until  you 
have  exceeded  the  full  capacity  of  the  entire  supply  system. 
Depending  on  the  relative  size  of  the  last  compressor  com¬ 
pared  to  the  total  supply  system,  this  problem  could  go 
unnoticed  for  years.  The  bigger  the  percentage  that  the 
compressor  represents,  the  longer  the  problem  will  go  unno¬ 
ticed. 

You  would  think  that  you  would  be  able  to  notice  a  change 
in  pressure  as  this  occurred.  Based  on  the  hypothetical  way 
that  most  people  look  at  compressed  air,  you  should  notice 
sooner.  The  fact  is  that  the  vast  majority  of  systems  are  supply 
controlled  with  30-70%  of  all  the  volume  of  consumption 
represented  by  leaks,  users  with  no  regulation,regulated  users 
that  arc  adjusted  wide  open.  Since  the  volume  of  demand  at 
these  users  is  a  function  of  supply  pressure,  as  the  demand 
volume  increases  and  the  compressor  preasure  drops,  the 
demand  volume  drops  to  hold  the  systems  pressure,  when  the 
regulated  demand  drops,  the  compressor  pressure  rises  and 
the  unregulated  demand  increases  to  hold  the  pressure  down. 
It’s  a  self-fulfilling  situation.  Supply  creates  demand  while 
unregulated  demand  supports  supply.  You  have  to  either 
significantly  increase  or  reduce  demand  in  order  to  see  any 
change  at  all.  What  is  more  unfortunate  about  all  of  this  is  that 
the  compressors  seem  quite  happy  with  nothing  much  chang¬ 
ing  in  the  compressor  room  while  production  is  experiencing 


an  almost  constant  change  in  volume  with  fluctuating  pres¬ 
sure.  The  fluctuation  at  the  point  of  use  is  due  to  speed  of 
transmission.  The  pressure  flattens  out  at  the  compressor 
room,  while  fluctuating  at  a  higher  rate  as  you  get  closer  to  the 
production  user.  The  farher  the  production  user  from  the 
point  of  supply,  the  more  the  fluctuation.  If  you  try  to  solve 
the  problem  with  more  supply,  the  problem  may  get  worse.  As 
you  elevate  the  pressure  by  applying  more  volume  to  the 
system,  you  force  more  air  through  the  existing  piping.  Since 
differential  pressure  is  exponential,  you  increase  the  speed  of 
transmission  while  increasing  the  differential  pressure.  The 
results  are  less  and  less  for  more  and  more. 

Twenty  five  years  ago  it  was  unusual  to  find  a  plant  air 
compressor  which  operated  at  more  than  100  psig.  Compres¬ 
sors  and  piping  were  job  engineered  to  minimize  losses  in  the 
system.  We  had  no  problem  holding  pressure  at  90  psig. 
Systems  were  relatively  well  balanced.  In  a  recent  workshop 
I  asked  140  maintenance  managers  and  plant  engineers  “how 
many  of  you  can  hold  90  psig  all  day,  every  day  without  the 
presure  dropping”?  Only  two  hands  were  raised.  I  then  asked 
how  many  people  had  compressors  rated  at  between  115  psig 
and  125  psig.  Over  1 10  raised  their  hands.  More  than  half  of 
the  participants  had  another  compressor  proposed  in  some 
stage  of  appropriation  or  proposal.  Most  of  them  hoped  that 
the  increased  supply  would  solve  the  problem,  yet  few  if  any 
could  define  the  problem.  What’s  wrong  with  this  picture??? 
Over  the  past  twenty  five  years  we  have  been  operating  at 
higher  and  higher  supply  pressures,  while  it  becomes  more 
difficult  to  manage  pressures  which  haven’t  changd  at  the 
production  end  of  the  system.  Perhap_s  if  we  put  as  much  effort 
into  problem  denniiion  as  comparing  the  redeeming  values  of 
pre-packaged  solutions,  we  might  bespending  less  money  and 
resolving  more  problems. 

There  are  numerous  technical  areas  involved  in  the  air 
system  which  arc  never  discussed  or  evaluated.  Some  of  them 
are  leak  benchmarking,  control  storage,  speed  of  transmis¬ 
sion.  initial  to  article  pressure  diffeenntial.  dedicated  metered 
storage  for  short  cycle  applications,  mass  flow  control,  tem¬ 
perature  management  for  increased  capacity,  and  load  shap¬ 
ing  just  to  name  a  few.  These  are  some  of  the  areas  that  offer 
more  for  less ....  improved  production  at  a  lower  cost. 

At  $.06per  kwhr  compressed  air  costs  arc  between  $1  .60  to 
$2.25  per  100  scfm  per  hour  of  operation  including  typical 
water,  dryer/filter,  maintenance,  depreciation,  and  operator 
costs.  A  300  hp  system  operating  3  shifts  a  day,  seven  days  a 
week,  will  cost  over  $225,000  per  year.  The  prospect  of  a  30- 
50%  reduction  of  this  opportunity  expense  is  no  doubt  attrac¬ 
tive.  Perhaps  a  more  significant  question  is  "how  much 
revenue  must  the  company  generate  in  order  to  support  this 
Waste?” 
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Some  common 
air  system  problems 

Production  uncontrolled  use  of  compressed  air 
is_  atj_he_  roo_t_  of  much  wqste_  and_  expense. _ _ 

R  Scot  Foss  plant  Technology,  Charlotte,  N.C. 

■  The  classic  compressed  air  problems  responsibility  for  the  workability  of  pro- 
are  low  pressure  and  water  at  the  point  of  duction  equipment  and  applications  to  the 
use  in  production.  The  entire  air  system  supply  end.  Production  has  authority  to 
winds  up  being  run  for  the  sake  of  these  demand  what  it  wants,  with  no  responsi- 
complaints.  Low  pressure  means  insuffi-  bility  for  its  actions.  Plant  engineering  and 
cient  supply—  does  it?  Water  in  the  sys-  maintenance  have  responsibility  for  pro- 
tern  must  mean  that  the  air  dryer  doesn’t  duction’s  results,  but  with  no  authority, 
work-or  maybe  not.  From  the  simplest  management  principles 

Every  time  there  is  a  complaint  about  this  makes  no  sense.  Yet  virtually  every 
quality  or  pressure,  maintenance  or  plant  plant  is  faced  with  this  dilemma, 
engineering  turn  on  whatever  is  perceived  There  is  seldom  any  communications 
to  solve  that  problem.  If  that  doesn’t  stop  regarding  compressed  air  between  the 
the  complaints,  then  more  is 
purchased  and  added  until  the 


people  using  it  and  the  people  supplying 
it.  In  fact,  it  is  not  managed  as  a  system.  It 
is  a  system,  however,  and  should  be  dealt 
with  accordingly.  Despite  this  there  are 
never  any  standards  for  its  use,  which 
would  assure  that  it  performs  as  expected. 
There  are  no  limits  to  what  production 
can  do  with  compressed  air  and  no  costs 
too  high  to  solve  the  most  poorly  defined 
problem. 

It’s  hard  to  believe  that  we  would  act  in 
such  an  irresponsible  way  in  light  of  glob¬ 
al  competition.  On  the  other  hand,  99%  of 
the  facilities  that  use  compressed  air  have 
no  idea  how  much  they  use,  what  it  costs, 
or  if  it  is  working  efficiently.  They  only 
know  if  it  meets  an  undefined  minimum 
level  of  acceptability  based  on  the  opinion 
of  the  users.  And  generally  these  users 
never  have  received  any  training  in  the  use 
of  the  utility. 

In  the  hierarcheology  of  all  organiza¬ 
tions  various  levels  of  management  are  al¬ 
lowed  to  make  certain  financial  decisions 
before  approval  must  go  to  the  next  level, 
in  most  plants  a  decision  involving  more 
than  $10,000  is  approved  at  a  number  of 
levels.  When  it  comes  to  compressed  air, 
these  rules  of  prudent  management 
seldom  apply.  In  the  average 
plant  with  a  cost  of  $.06  per 


complaints  stop. 

The  idea  that  all  problems 
in  production  can  and  must  be 
solved  by  altering  supply  is 
ridiculous.  We  wouldn’t  think 
of  this  approach  with  eiectrici- 
ty,  steam,  or  water.  In  each  of 
these  utilities  we  would  go  to 
the  point  of  use  and  figure  out 
what  the  problem  is.  If  the 
lights  flicker,  we  don’t  call  the 
local  utility.  We  look  at  capaci¬ 
tance.  When  we  can’t  maintain 
water  temperature,  we  don’t 
double  the  heater  output.  We 
look  at  demand  management. 
If  an  application  problem  aris¬ 
es  with  steam,  we  don’t  rush 
out  and  install  another  boiler. 
We  check  the  problem. 

Yet,  somehow,  over  the 
years,  we  have  missed  these 
straightforward  paralles  with 
compressed  air.  We  assign  all 
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Let’s  look  at  some  more  specific  prob 
lems  that  are  neither  understood  nor 
dealt  with. 

Leakage 

A  leak  that  forms  a  tube,  hose,  fitting  or 
disconnect  will  cause  the  volume  to  in¬ 
crease,  in.  a  particular  installation.  The  re¬ 
sult  is  an  increase  in  di^erenual  and  a 
drop,  in  the  article  pressure  to  the  using 
equipment  As  the  leak  gets  big¬ 
ger  (that’s  the  nature  of  a  leak) 
the  article  pressure  continues 
to  drop,  reducing  the  perfor¬ 
mance  of  the  item  using  air.  If 
it’s  part  of  a  control  System,  the 
whole  system  eventually  will 
malfunction. 

We  will  increase  the  regulator  pressure 
until  (he  arude  pressure  rises.  As  we  do 

this  the  leak  volume  increases.  As  the  leak 
volume  will  increase  linearly  and  the  dif- 
ferenual  will  increase  exponentially  the 
increase  in  pressure  will  nave  to  be  sub¬ 
stantial  to  compensate. 

Eventually  this  application  will  cause 

other  use  points  in  the  same  supply  line  to 
do  the  same  thing.  In  time  we  will  add 
more  power.  I  am  fascinated  that  the  re- 
snlts  of  this  leak  can  jnstify  a  capital  ex- 
penditnre  to  add  more  snpply  which  Will 
cost  more  to  the  first  year  than  what 
it  costs  to  buy.  This  could  easily  be  a  five  or 
six  figure  decision.  Yet  the  problem  is  cor¬ 
rectable  in  2  minutes  with  a  $3  part. 

Air  leaks  are  not  a  part  of  any  manage¬ 
ment  agenda.  Even  when  they  are  known 
to  be  substanual,  nothing  is  ever  done.  In 
most  plants  the  procedure  for  assembling 
point  of  use  air  and  the  components  used 
propagate  the  eventual  leaks.  It’s  bard  to 
believe  that  any  knowledgeable  mange- 
ment  person  would  encourage  the  tool 
crib  to  buy  the  cheapest  compressed  air 
components  possible  if  they  understood 
the  consequences  on  the  production 
equipment. 

Water  in  tire  lines 

Here's  a  Here's  a  fascinating  anomaly  We  dry  the 
compressed  air  to  say  45  Fdew  point  p- 
sure  in  the  compressor  room.  We  don’t 
want  water  in  the  production 
equipment  We  all  learn  in  engi¬ 
neering  school  that  vapor  seeks 
the  lowest  vapor  pressure.  The 
vapor  pressure  is  lower  in  the 
compressed  air  lines  than  at  at¬ 
mosphere.  As  leaks  increase  in 
the  system,  the  remaining  vapor 
in  the  balance  the  system  causes  me  dew 
point  to  rise. 

Evenually,  as  leaks  increase  sufficient¬ 
ly,  the  vapor  content  per  cfin  will  rise  to  the 

point  where  water  will  form  downstream 
in  the  system.  This  Can  happen  on  a  plant¬ 
wide  basis  or  at  a  particular  point  of  use.  A 
leak  on  a  critical  application  that  becomes 
equal  to  the  volume  of  air  in  she  using  de¬ 
vice  will  cause  water  vapor  to  coalesce  in 
the  air-using  device.  The  common  solution 
is  not  to  fix  the  leaks.  It  is  to  add  a  drver  or 
change  to  a  lower  dew  point  dryer. 


New  equipment 

Anew  piece  of  production  equipment  is  in¬ 
stalled.  No  one  Knows  how  mnch  air  vol. 
tune  is  required,  production  engineering 
never  considered  whether  the  required 
pressure  inappropriate  or  not  It  is  nomral 
to  select  equipment  based  on  the  highest 
achievable  pressure  in  the  air  .ssystem.  If  we 
did  that  with  electricity,  the  light  bulbs 
would  be  13,000  Volts. 

There  are  a  growing  number  of  indus¬ 
trial  companies  that  have  pressure  stan¬ 
dards  for  the  selection  of  air-using  devices 
that  are  well  below  the  lowest  compression 

Eissures  in  the  plant.  This  reqnires  flexi- 
ity  on  the  part  of  suppliers,  but  that  is 
what  air  is  all  a  about. 

This  standard  will  always  guarantee  that 
the  production  equipment  will  function 
properly.  Despite  this  obvious  fact,  thou- 
sam  of  pieces  of  equipment  are  specfied 
every  day  in  production  that  either  will  not 
work,  can’t  be  adjusted  to  higher  speeds 
or  feeds,  and  will  nave  problems  when  the 
first  leak  shows  up.  If  the  cycle  rune  is  in¬ 
creased,  the  volume  of  air-increases  and 
the  pressure  drops. 

Tne  common  solution  is  to  call  mainte¬ 
nance  and  plant  engineering  and  request 
that  sometJdng  is  done — i.e.,  the  produc¬ 
tion  equipment  is  not  responding  properly 
because  of  the  compressed  air.  While  that 
phone  call  is  being  made,  someone  else  is 
planning  for  another  future  problem  to  be 
installed  in  the  facility. 

We  would  go  on  with  various  examples 
for  quite  some  time.  Undersized  compo¬ 
nents  in  the  installation  of  compressed  air, 
insufficient  storage  at  the  point  of  use,  and 
improper  metering  of  surge  applications 
are  just  a  few  examples.  It  is  not  these  spe¬ 
cific  problems,  but  education  and  assign¬ 
ment  of  responsibility  that  really  needs  to 
be  corrected. 

Production  maintenance  and  engineer¬ 
ing  needs  to  assume  responsibility  for  un¬ 
derstanding  compressed  air  and  its  use. 
Standards  need  to  be  developed  and  con¬ 
formed  to  if  the  quality  and  reliability  of 
prodcnon-unfmrtam  The  system  needs 
to  be  operated  as  a  process,  not  as  parts 
operated  independently. 

Ongoing  predictive  maintenance,  such 
as  ultrasonic  leak  benchmarking,  must  be 
established.  Education  and  standards  for 
compressed  air  must  be  a  regular  and  nor¬ 
mal  part  of  the  production  and  facilities 
agenda  Demand  must  be  considered  part 
or  this  dynamic  process  with  all  of  the 
comunications  necesary  to  maintain  its 
int^ty,  operating  cost,  and  quality,  a 


More  information  on  this  subject  is 
aailahle  on  request 
To  learn  more.  Circle  260 


In  most  plants  more  than  259%  of  the 
total  compressed  air  usage  is  from 
leeks,  often  costing  well  into  six  figures. 
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Control  demand 
to  contain  expenses 

Engineered  responses  to  demand 
will  bring  compressed  air  savings. 


R.  Scot  Foss  Plant  Air  Technolog}.  Charlotte.  S.C. 


Compressed  lir  usage  should  be  reviewed.  Production  may  need  education  about  air 
pressure. 


■  Since  compressed  air  is  our  least 
understood  utilih.  it  should  be  no  sur- 
pri.se  that  most  of  the  time  «e  throw 
power  at  poorlt  defined  problems. 
Problem  solving  using  brute  force  is 
extremely  e.\pensive  from  a  capital  and  an 
operaung  cost  point  of  view. 

Phone  calls  from  irate  users  provide 
the  best  information  about  problems. 
Users  demand  what  they  think  is  lacking 
on  the  supply  end.  A  large  part  of  this 
problem  stems  from  inappropriate 
assignment  of  responsibility. 

Users  in  99%  of  the  systems  are  not 
responsible  for  controlling  how  they  use 
compressed  air  or  how  much  they  use. 
Users  have  no  requirement  to  apply  rea¬ 
sonable  engineering  to  any  installation 
Often,  a  user  has  no  idea  how  much  air 
an  application  needs  or  even  if  the  appli¬ 
cation  is  appropriate.  Please  remember 
that  it  takes  at  least  ~  horsepower  of 
electricity  to  generate  1  hor.sepower  of 
compre.ssed  air  power. 

The  compressor  room 
is  not  the  demand.  It's 
just  another  stage  of 
conversion.  The  user 
is  the  demand. 

Kmployi-es  at  the  using  point  an- 
allowed  to  adjust  the  regulators  to  a 
mavimuni  prc.s.sure  or  not  use  one  if  tliev 
sec  fit  Existing  leaks  can  continue  to 
grow  at  an  unmanageable  rate  Am 
worker  on  the  floor  can  apply  an  open  air 
line  with  five-figure  consetiueni es 
Production  can  in.stall  a  piece  of  equip¬ 
ment  with  catastrophic  consequences  for 
other  users.  Applications  can  be  installed 
with  critical  pre.ssure  requirements  that 
can  t  work  .All  this  can  he  done  without 
discussion  between  the  user  and  the 
compressor  room  operators 

Sooner  or  later  any  one  or  all  the 
above  situations  will  nioiivale  a  repre'-en- 
tative  of  production  to  use  the  instrument 
of  choice  in  the  compressed  air  utihtv 
system.  This  instrument  of  choice  is.  of 
course,  the  telephone.  The  magical  word 
is  spoken  that  expresses  the  standard  for 
compressed  air.  The  standard  is  "more  " 
But  more  ulxtl'f 
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point  there  is  no  recourse  but  to  aban¬ 
don  the  confines  of  the  compressor 
room.  We  must  seek  demand-side  solu¬ 
tions,  despile  the  lack  of  interest  and  the 
protest  of  the  user. 

Think  of  the  last  lime  you  applied 
power  to  solve  a  systems  problem. 
Suppose  you  had  three  compressors  and 
you  added  a  fourth.  Simple  math  says 
that  you  added  33%  more  capacity.  When 
you  ruined  on  the  unit,  did  the  pressure 
rise  33%?  Did  it  rise  even  10%?  It  prob- 
abl\  did  not.  Did  you  try  to  reduce 
demand  or  reengineer  installtions  with 
high  pressure  differentials? 

Maybe  you  could  use  an  air  storage 
unit  with  metered  recovery.  Storage  and 
metered  recovery  can  reduce  the  horse¬ 
power  that  supports  demand  surges.  The 
storage  and  metered  recovery  combina¬ 
tion  reduces  the  rate  of  flow  and  spreads 
the  surge  demand  requiremems  over  a 
longer  period  of  time. 


add  power  to  increase  the  supply  pres¬ 
sure  for  the  same  result?  In  most  sys¬ 
tems  that  1  audit  and  reconfigure,  20  to 
40%  of  the  total  demand  usage  has  no 
value  to  production. 

One  of  the  major  constituents  of  waste 
is  leaks  Another  wasteful  constituent  is 
excess  air  volume  consumed  at  work  sta¬ 
tions.  Wide-open  regulators  indicate 


Employees  at  the 
using  point  can  adjust 
regulators  as  they  see 
fit.  Any  worker  on  the 
floor  can  apply  an  open 
air  line  with  five-figure 
consequences  with 
no  discussion. 


The  speed  of  air  transmission  may  be 
the  problem.  A  demand  surge  causes  a 
pressure  decay  in  an  under-capacity  sys¬ 
tem.  In  this  case,  you  can  increase  the 
transmission  capacity  instead  of  the  dif- 
fcrenual  prcs.surc  for  improved  service. 

Increasing  the  pre.ssure  requires  a 
I  substantial  amount  of  power  and  increas 
es  leaks  and  unregulated  demand. 
Careful  engineering  reduces  the  impact 
of  demand  surges  without  adding  power. 

What  if  your  production  department 
increases  its  operating  rate?  This  means 
that  all  the  installed  hose,  filters,  regula¬ 
tors,  etc.  will  see  higher  flow.  The  elevated 
.  flow  rates  result  in  higher  differential  pres¬ 
sure.  Increased  differential  pressure 
reduces  specific  pressure  to  the  equipment. 

Should  you  increase  the  flow  capabili¬ 
ty  to  increase  the  specific  pressure,  or 


waste.  If  another  compressor  is  added  i 
increase  the  system's  pressure,  it  wi 
increase  waste  also. 

Without  standards  for  compressed  a 
usage,  it  should  not  be  surprising  th 
these  situations  are  commonplace  / 
utility  costs  escalate,  the  effects  of  dea 
ing  with  compressed  air  waste  become 
major  concern.. 


CONSTITUENTS  OF  DEMAND 


Dealing  wi  h 
Air  Leaks 


A  single  %  In.  hole  In  a  compressed  air  system 
can  waste  $3000  to  $10,000  per  shift  per  year. 

How  much  are  leaks  costing  your  plant? 

Here  Is  how  to  get  the  figures  and  approach  the  problem. 


One  of  the  most  insidious  forms 
of  industrial  waste  in  America 
is  compressed  air  leaks. 

About  20  percent  of  all  power  used 
in  American  industry  for  compress¬ 
ing  air  is  wasted  because  of  leaks. 
That  waste  represents  between  6  and 
7  million  kWh  of  electricits  or  about 
16  billion  Btu/hr  of  energy —enough 
energy  to  heat  and  air  condition  ap¬ 
proximately  134.000  homes  for  a 
year.  The  energy  bill  is  e%en  greater 
if  sujTpori  equipment  such  as  water 
pumps,  dryer  motors,  and  fan  motors 
is  included.  And  these  figures  do  not 
include  compressors  of  10  hp  and 
less. 

Far  too  many  people  in  American 
industry  view  compressed  air  as  a 
free  commodity.  Your  plant  is  prob¬ 
ably  using  more  compressed  air  than 
in  the  past,  and  the  rate  of  increase 
in  air  use  probab’'  was  greater  than 
the  increase  in  pr^uctivity.  Operat¬ 
ing  pressure  and  leaks  also  may  have 
increased  during  this  time. 

A  leak  is  a  hole  through  which  is 
blown  pipe  scale,  iron  oxide,  and 


By  R.  Scot  Foss,  Plant  Air  Technology 

Towt  demand  is  made  up  of  real 
demand  from  work  applications, 
leaks,  and  artificial  demand  caused 
b\  too  high  supply  pressure. 

other  compressed  air  contaminants. 
Abrasion  from  the  contaminants  will 
cause  the  size  of  the  hole  to  grow  as 
long  as  the  system  i:  pressurized. 
Adding  to  the  loss  from  leaks  is  a 
growing  interest  in  vng  oper¬ 
ating  pressure.  Not  long  ago. 

standard  pressures  were  90  to  100 
psig.  Today,  they  are  125  psig  for 
larger  compressors  and  150  to  175 
psig  for  smaller  industrial  models. 

Unfortunately,  it  is  generally  be¬ 
lieved  that  anything  that  goes  wrong 
in  the  compressed  air  system  must 
be  corrected  in  the  compressor  room. 
When  production  personr-*!  com¬ 
plain  about  low  pressure  at  the  point 
of  use.  the  operating  pressure  is 
jacked  up  in  the  compressor  room. 

Increasing  the  pressure  is  not  an 
appropriate  diagnosis  of  the  problem 
or  the  solution.  Demand  will  increase 


as  a  function  of  the  increase  in  pres¬ 
sure.  and  additional  energy  v.ill  be 
used  to  overcome  the  geometric  ef¬ 
fect  of  mass  flovk  restriction  or  differ¬ 
ential  pressure  created  by  the  in¬ 
creased  flow  in  the  piping  and 
ancillary  equipment. 

By  increasing  the  pressure,  the 
amount  of  air  blowing  through  the 
leak  increases  significantly,  and  the 
leak  hole  is  enlarged  because  of  the 
increased  velocity  of  the  abrasive 

Justifying  repair  work 
Can  you  ask  for  funds  to  fix  the 
system  if  you  are  unaware  of  what 
compressed  air  costs  in  your  plant’’ 
Perhaps  there  has  never  has  been  an 
audit.  When  problems  are  poorly  de¬ 
fined.  configuration  technology  is 
iKxiexistent.  and  database  measure¬ 
ments  are  not  expressed  in  money, 
management  will  postpone  repairs 
until  situations  become  desperate 

"Desperate"  in  an  air  system 
means  not  enough  pressure,  dirty  and 
wet  air.  and  all  compressors  contin¬ 
uously  loaded.  What  is  the  solution 
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to  »  desperate  situation"’  Install  an¬ 
other  compressor?  Leaks  will  in¬ 
crease  Unregulated  demand  will  in¬ 
crease  with  no  real  improvement  m 
production  after  leaks  and  artificial 
demand  are  satisfied  Each  addi¬ 
tional  compressor  will  serve  less  and 
less  producti'c  uses  Carried  to  an 
extreme,  the  inacase  in  flow  and  the 
resulting  pressure  drop  in  the  piping 
will  exceed  the  capaciis  of  the  new- 
compressor  As  a  result,  the  pressure 
will  fall  below  the  original  pressure 
instead  of  increasing  When  you  con¬ 
sider  that  It  costs  more  to  run  a 
compressor  in  the  first  year  than  the 
original  purchase  price,  such  a  result 
could  be  embarrassing 

NkTicn  was  the  last  compressor  in¬ 
stalled  in  your  facility?  Compare  the 
percentage  of  new  power  the  unit 
represented  If  Mr  Bernoulli  was 
nghi.  the  increase  in  system  pressure 
should  be  linear  with  the  power  in¬ 
crease  Most  likely,  the  increased 
system  pressure  was  not  linear  with 
the  power  inaease.  and  the  rate  of 
increased  pressure  probabK  was  less 
than  half  the  rate  of  power  increase 

A  group  of  industrial  and  process 
plants  were  audited  in  1990.  and  20 
percent  had  leaks  costing  in  excess 
of  5.‘>00.000.  These  facilities  were  pay¬ 
ing  no  more  than  SO  065/kW'h  for 
elcaricity.  Their  full  burdened  cost 
of  compressed  air  ran  between  51 .10 
and  S2.56/100  cfm/hr  at  operating 
pressures  between  80  and  110  psig 
Half  of  these  companies  would  have 
turned  a  profit  if  leaks  had  been 
controlled.  One  plant  manager  com¬ 
pared  this  cost  to  hiring  35  hourly 
workers  to  stay  at  home  on  sick  leave 
for  a  year. 

Identifying  and  fixing  leaks  and 
installing  demand  controls  for  a  sys¬ 
tem  usually  produces  a  payback  of  a 
few  months.  Nevertheless,  most 
maintenance  and  facilities  managers 
consider  leaks  an  unfortunate  cost  of 
business,  unworthy  of  their  attention 

One  fact  remained  cxxisistent  dur¬ 
ing  the  1990  audits.  Leaks  were  re- 


Contrary  to 
popular  belief, 
’Compressed  air 
lcid(s  arc  not 
a  constant  demand 
on  the  system. 


sponsible  for  20  to  35  percent  of 
demand  in  most  of  the  plant  air 
systems  surveyed.  Therefore,  one- 
third  of  the  expenses  incurred  for  all 
compressors,  dryers,  lubricant,  parts, 
outside  and  inside  labor,  water,  de¬ 
preciation.  and  electricity  served  no 
useful  purpose  The  plants  partici¬ 
pating  in  the  survey  were  aware  of 
the  problems  Other  plants  unaware 
of  such  problems,  overpower  leaks 
and  other  deficiencies  so  the  leak  rate 
may  be  much  higher  than  plants 
reporting  low  pressure. 

The  largest  motors  in  many  plants 
dn\e  compressors  As  such,  they 
have  a  dramatic  influence  on  the 
demand  and  time  use  charges  for 
plant  electricity  Therefore,  if  leaks 
were  identified  and  fixed  and  air 
demand  were  controlled,  the  electric 
bill  would  be  reduced  significantly 
The  plant  reduction  in  total  clcarical 
cost  could  be  10  to  15  percent,  de¬ 
pending  on  the  size  of  the  compres¬ 
sors  and  rate  structure. 

The  full  burdened  cost  of  com¬ 
pressed  air  is  35  to  100  percent  more 
than  the  cost  of  the  electricity  nec¬ 
essary  to  operate  the  system.  De¬ 
pending  on  the  rate  structure  and  the 
efficiency  of  the  system,  total  cost 
could  run  between  SI. 10  and  53.75/ 
100  cfm/hr.  A  V4  in.  hole  that  con¬ 
sumes  94  cfm  at  100  psig  will  cxjst 
53019  to  510.293/shift/ycar. 

Contrary  to  popular  belief,  leaks 
are  not  a  constant  demand  on  the 
system.  Demand  from  leaks  in¬ 
creases  and  decreases  as  a  function 


of  the  suppb  or  operating  press 
of  the  comptessors  Because  ct 
pressor  operating  pressuie  is 
vcrscly  propxjrtionate  to  real  prod 
tion  demand,  loss  through  le; 
increases  as  production  drops  oil 
When  production  drops  oil  pi 
sure  rises  in  an  effort  to  unli 
horsepower.  The  elesaied  press 
causes  an  increase  in  leaks  and  c>i 
unregulated  demands  The  ariifi 
increase  in  flow  causes  a  reduciioi 
pressure,  reducing  demand  wf 
causes  pressure  to  rise,  which  cat 
the  demand  to  increase,  etc  1 
oscillating  influence  on  pressure 
flow  tends  to  prevent  compresi 
from  unloading  If  leaks  and  oi 
unregulated  demand  are  la 
enough,  compressors  might  never 
load,  regardless  of  the  produc 
requirement  One  maintenance  nr 
ager  noted  that  all  compressors 
main  loaded  during  shift  break; 
was  noi  difficult  to  track  the  probli 
in  his  ss’Stem.  The  accompans  ing : 
tion  "Costs  Add  Up  Fast'  iliustr; 
how  much  monevsuch  a  system  cc 
be  wasting 

Identifying  amount  of  leakage 
Obviously.  It  IS  important  to  ider 
leak  locations.  Major  sources  of  Ic 
are  noted  in  the  accompans  ing 
lion.  To  justify  corrcctisc  act: 
managers  must  know  the  opera 
costs  for  their  compressed  air 
terns,  and  the  total  amount  of  le 
It  would  be  a  shame  to  take 
action  on  the  basis  of  reason: 
guesswork  and  then  not  be  abk 
take  credit  for  the  savings  that  c< 
be  applied  to  other  budgetary  nc 
Determine  the  total  amouni 
leaks  during  a  period  when  no 
duaion  is  on-line  and  when  a  I 
minimum  of  pressure  is  requi 
Then  put  only  the  necessary  pc 
on-line  to  support  the  leaks  at 
production  pressure  you  have  I 
maintaining  Where  there  are  di 
ent  loads  at  different  shifts,  load 
test  conditions  to  each  opera 
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pressure  to  determine  the  flow  »nd 
power  required  for  each  shift,  pres¬ 
sure  would  be  higher  *s  prcxluction 
flow  requirements  dropped  off. 

The  most  «cci  -ate  measurement 
method  is  to  pi  t  on  just  enough 
power  so  pressure  cannot  quite  be 
held  and  then  interpolate  addi¬ 
tional  required  inlet  airflow  neces¬ 
sary  to  bnng  the  pressure  up  to  the 
desired  test  pressure.  This  “not  quite 
enough"  condition  is  called  “draw¬ 
down".  it  is  a  dynamic  condition  m 
the  system  where  the  flow  of  the 
compressors  w-ill  be  accurate  for  ma¬ 
chines  that  are  in  service  The  inter¬ 
polated  volume  is  added  to  the  base 
load  information  to  produce  the  vol¬ 
ume  of  leaks  minus  the  known  mini¬ 
mum  other  load  that  may  be  on,  such 
as  agitators  or  hvac. 

It  may  be  necessary  to  eliminate 
various  demands  one  by  one,  while 
identifying  the  required  power  during 
the  process  of  elimination.  If  the 
compressors  are  too  large  to  unload 
and  put  the  system  into  drawdown, 
the  machines  that  must  be  opera¬ 
tional  must  be  timed  in  the  load-no 
load  operating  condition.* 

The  cycling  of  the  last  machine  put 
into  a  load/no-load  condition  must 
be  monitored  to  establish  the  volume 
of  trim  to  add  to  the  base  load.  This 
“positive  displacement"  condition, 
unlike  drawd^n  where  a  firm  pres¬ 
sure  is  held,  will  not  give  bard  infor¬ 
mation  when  demand  is  not  oon- 
trolled  with  intermediate  controls, 
and  pressure  is  rising  and  falling.  Tbc 
demand  would  rise  and  Ull  as  a 
function  of  supply  pressure.  An  in¬ 
termediate  control  pressure  lower 
than  the  lowest  compressor  opcratiiig 
pressure  in  tbc  throttling  band  would 
produce  oonsunt  demand  ptessure 


*tn  mcMt  tyciemi.  coatmmat  and  aadlUry 
equipment  uzei  are  telected  on  the  been  of 
peak  demand  anl>  The  conaequcDoea  are 
that  leu  Uian  full  load  alway*  puts  you  in 
the  middle  of  a  ~loo  larae  etachine."  Tbc 
machine  may  have  cooa  pen-load  power 
charactersuca,  but  the  lysteis  pen  toed  it 
aembic. 


An  titrasonic  leak  deieaar  can  locale  leaks  st  all  types  of  piping  systems. 
(Courtesy  SDT  USA) 


MAJOR  SOURCES  OF  UAKS 


Hose  leaks  and  worn  duaxmect 
plugs. 


■cals,  teats,  gaskets,  and  O  rings 
Leaky  traps  and  motorized 


Abandoned  equipment  with  air  drains  that  blow  mote  air  than 


kft  on. 

Mechanical  failures  on  valves, 
cylinders,  and  controls  such  as 


effluent. 

Pipe  connections  and  stem  valve 
pneking  in  ihul-nfl  valves. 


ACnOR  PLAN  FOR  DEAUMCWJW  LEAKS 


1.  Determine  the  operating 
cost  fcr  the  oompreaaed  air  sys¬ 
tem. 

2.  Measure  tbc  flow  lequire- 
menu  far  leaks  at  various  pr^uc- 
tion  and  sonproductron  condi¬ 
tions. 

3.  Establish  tbc  iXal  annual 
cost  farieaks. 

4.  Identify  tbc  locitinns  of  tbc 
leaks  and  laM  aritb  paint 

5.  Fix  tbe  leaks. 

6.  Install  automatic  shutoff  de¬ 
vices  fcr  automatic  machinery  that 
is  frequently  abaodoned. 

7.  install  intermediate  oonlrob 
and  point  at  aae  oontrob  at  all 
-iocatians  to  control  a  •‘mirimnm* 
pressure  that  k  lower  than  tbc 
eompiessor  operating  pressmes. 


8.  Report  tbc  reductioo  in  sys¬ 
tem  operating  cost 

9.  Minimize  the  possible  points 
of  potential  leaks  snefa  as  thscou- 
■ects  or  excessive  bose  lengths. 

10.  Educate  hourly  workers 
msd  maintexiance  penonnel  to  tbc 
impcrtance  of  leak  and  pressure 
Auiagement,  m  well  as  reporting 
procedures.  Incentive  programs 
vritfa  T  dnm,  etc.,  haw  proved 
eftnerive  in  developing  awareness. 

11.  Ikst  tbc  system  far  leaks  on 

a  icgnlarly  acfac^ed  basis  as  pan 
of  a  good  preventive  maintcnaoce 
program,  xt  an  achievable  bench¬ 
mark  far  to  manage 

<m  a  weekly  basis,  neh  as  1 00  cim . 
Once  ynu  get  to  the  goal,  it  is  easy 
ho  manage. 
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COSTS  ADD  UP  FAST 


Exahudc  the  costs  associated  with 
a  plant  that  has  750  cfm  ct  leaks 
during  Dormal  producticn  with  an 
average  operating  pressure  oC  90 
psig.  ody  15  to  17  leaks  at  Vit  in. 
oo  the  average .  The  plant  operates 
three  shifts,  6ve  days  a  week,  from 
7  a.m.  Mooday  to  11  pm.  Friday 
The  system  tlKn  maintains  pres¬ 
sure  over  the  weekend. 

Compressors  are  operated  at  a 
oooscrvadvc  110  psig  in  order  to 
have  90  psig  at  peak  production. 
Demand  is  oot  managed  except 
tor  equipment  where  the  manuiac- 
turer  spedfres  a  minimum  pres¬ 
sure  be  held.  That  includes  leaks 

Intermediate  controls  between 
the  compression  equipment  and 
the  distnbutioc  piping  w-Ul  control 
all  demand  to  a  maximum  control 
pressure.  Without  a  maximum 
control  pressure,  you  cannot 
maintain  a  minimum  pressure  at 
the  point  of  use. 

To  keep  the  example  simple, 


regardless  of  the  effort  of  the  com¬ 
pressors  to  unload  horsepower. 

Flowmeters  would  be  the  obvious 
method  to  test  volume.  However,  if 
the  system  is  not  balanced,  where 
compressor  controls  refine  the  re¬ 
sponse  to  a  “100  percent  controlled 
demand"  interpreted  through  stor¬ 
age,  the  flowmeter  would  not  deliver 
accurate  data.  In  an  unbalanced  sys¬ 
tem  (99  percent  of  all  air  systems) 
the  temperature,  velocity,  mass  flow, 
demand,  and  pressure  are  changing 
coatmually  It  is  only  in  a  balanced 
system  that  demand  can  be  accu¬ 
rately  matched  with  the  minimum 
required  power.  The  many  variables 
have  an  effect  on  each  other.  When 
demand,  distribution  and  storage, 
and  compression  equipment  are  oot 
controlled,  the  results  are  less  than 
desirable,  leaks  included.  Once  the 
total  amount  of  the  leaks  has  been 
determined,  you  must  identify  the 
operating  ct»t  of  the  leaks. 

The  easiest  method  for  finding  in¬ 


assume  that  leaks  are  at  90  psig 
on  production  and  110  psig  off 
pToducdon.  That  represents  750 
cfm  at  90  psig  (0.5332  Ib/cu  ft) 
and  893  cfm  at  110  psig  (0.635  lb/ 
cu  ft).  Assume  a  cost  of  SI. 11  per 
100  efrn/hr  based  oo  S0.06  per 
kWh  plus  50  percent  burden  (la¬ 
bor.  water,  depredation,  andlJary 
power,  etc.)  for  an  additional 
$0.57  per  100  cfm/hr.  Normally, 
when  the  total  air  requirement 
goes  down,  the  inefficiency  of  pan 
load  for  the  system  causes  tbe  cost 
per  100  cfm  per  hour  to  rise  in¬ 
versely  proportional  to  the  reduc¬ 
tion  in  flow  Again,  to  keep  the 
example  simple,  the  cost  per  100 
cfm  per  hour  will  be  assumed 
constant,  although  off  produaion 
should  be  much  higher. 

Where  1  unit  of  compressed  air 
equals  lOOdm/br  and  costs  51.67, 
and  production  time  is  112  hr/wk 
(5824  hr/yr)  and  off  production 
time  is  56  hi/wk  (2912  hr/yr),  7.5 


dividual  leaks  is  with  a  microsonic  or 
ultrasonic  leak  detector.  These  direc¬ 
tional  hearing  devices  can  even  locate 
leaks  in  overhead  piping  from  a  floor 
location.  They  are  good  devices  for 
checking  new  or  corrective  installa¬ 
tions.  Most  leaks  begin  at  an  inaudi¬ 
ble  level  and  accelerate  to  audibility. 

Managers  may  have  to  identify  the 
total  amount  of  leaks  first  to  justify 
acquisition  of  leak  detection  equip¬ 
ment.  Once  leaks  have  been  located, 
mark  the  spot  with  fluorescent  paint. 
A  memo  should  be  sent  indicating 
the  average  cost  per  painted  spot. 
When  corrective  action  is  accom¬ 
plished,  tbe  spot  can  be  painted  black 
or  the  origin^  color. 

If  leaks  are  not  fixed  immediately, 
workers  will  jack  up  the  point-of-use 
pressure  in  response.  Volume  of  air 
at  the  point-of-use  station  will  in¬ 
crease  and  cause  a  leduaion  in  pres¬ 
sure  in  adjacent  worksutions  Adja¬ 
cent  workstations  will  respond  by 
increasing  the  pressure,  and  tbe  horse 


units  of  air  X  $1.67  per  unit  x  5824 
hours  «  $72.945.60/>-i  and  R  *53 
units  of  air  X  51.67  per  unit  x  2912 
boors  »=  $43,426. 95/yr,  for  a  total 
cost  of  leaks  per  year  «= 
$116,372.55. 

This  figure  docs  not  include  the 
influence  that  the  150  kWh  has  on 
demand  charges  to  support  the 
leaks,  or  the  power  factor  penal¬ 
ties.  This  example  represents  a 
real  plant  that  was  recently  au¬ 
dited  with  a  total  production  load 
of  3000  cfm. 

Noise  reduction  is  an  additional 
benefit  derived  from  controlbng 
leaks.  When  air  demand  is  re¬ 
duced.  noise  is  significantly  re¬ 
duced.  A  plant  cngincci  in  the 
Northeast  fixed  the  leaks  tn  his 
focility  and  controlled  all  other 
air-users  so  pressure  would  not 
exceed  85  psig  He  reduced  air 
systems  operaung  costs  $379,271/ 
yr  and  reduced  plant  noise  level 
4.5  dBA. 


race  is  on.  In  a  few  weeks,  when  you 
have  run  out  of  compres-sor  capacity, 
you  may  attribute  the  problems  to 
“insufficient  power.”  and  stan  shop¬ 
ping  for  aiKither  compressor  How- 
e^er,  most  systems  problems  arc  not 
caused  by  insufficient  fxawer.  but  ex¬ 
cessive,  uncontrolled  demand,  and 
leaks  are  at  the  top  of  the  list 
Further  information  on  manapng 
compressed  air  systems  can  be  found 
in  the  author's  previous  articles  “Ec¬ 
onomics  of  Compressed  Air"  (Ml 
11/89),  "Auditing  Compressed  An 
Costs”  (MT 12/89).  and  "ControUinj 
Demand  in  Compressed  Air  Sys 
terns”  (MT  4/90). 

Scot  Foss,  senior  consultant.  Plant  A  i 
Technology,  Charlotte,  NC,  direct 
system  auditing  and  balancing  studie, 
and  presents  public  and  inplant  sem 
inars  on  compressed  air  managemem 


a  eotapUmiatary  copj  t/  tkk  artick 
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Helpful  maintenance  information  and  problem  solving  case  studies  from  suppliers  of  plant  equipment  and  services. 


Stopping  Air  Leaks 
Saves  $150,000 


Pal  Lyons,  maintenance  manager 
of  Conley  Frog  anil  Switch  Co., 
Memphis.  TN.  is  a  careful  magazine 
rcadi’r.  Always  alcil  for  new  icehnol- 
ogy  to  use  in  his  |ilanl.  Lyons  w:is 
inllneiKed  hy  .Seoi  Foss's  aiiieles  in 
Mai.sii-,n-\ni-i-  'riciiNoi.iKii  maga¬ 
zine  on  the  benefits  of  auditing  air 
leaks  [“[•eonomies  of  Cominesscd 
Air."  M  T  ll/xy.  pg  41;  "Auditing 
Compressed  AirCosis,"  M  l'  1 2/X9.  pg 
“Controlling  Dcnnind  in  Com¬ 
pressed  Air. Systems,"  M'r4/yi),  pg24; 
"Dealing  with  Air  Leaks.”  MT  5/9  \, 
pg.TSI. 

By  applying  the  informtilion  he 
gained  Irom  the  Foss  articles.  Lyons 
has  saved  his  eomptmy  more  than 
Sl.SO.fKX).  Approxiniiitcly  10  percent 
of  these  savings  can  be  attributed  to 
products  supplied  by  Loeiiie  Corp. 
through  Motion  Industries  in 
Memphis. 

Conley  Frog  and  Switch  is  a  track- 
work  assembly  supplier  for  U.S.  rail¬ 
roads  and  a  eommcrci:d  forging  sup¬ 
plier  specializing  in  automotive 
forging.  The  |Jiaut  has  .'^OO  employees, 
22  of  whom  are  in  the  maintenance 
department. 

Hnw  he  did  it 

Lyons  read  the  articles  in  July  1991 
and  was  “astonished  at  how  much  air 
costs." 

He  .started  monthly  air  audits  to  dc- 
tcnninc  the  plant's  air  letikagc  rate. 
'Hie  plant's  capacity  of  19.IKK)  din  at 
100  psi  requires  .^17.*!  hp  to  produce, 
lilectrieitv  for  the  air  system  eo.sts 


Fi;cA/;;.e  tin  (in  tSOOO  Ih  Cluiiu- 

hersburii  pnwvr  drop  liitiiiincr  arc 
vhcc/^cd  for  leaks  /;  v  Pat  Lyons  and  a 
wcndicr  of  the  niainienanre  staff. 
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Primer  is  applied  la  clean  threads  to 
speed  cure  of  sealant. 


Sealant  is  applied  to  pipe  threads  of 
air  inlet  to  actuator  cylinder. 


COMPARtSON  OF  AIR  COSTS 

August  1991  and  June  1992 


Treated fittitif;  is  assembled. 


ConilHIon _ 


All  valves  open 


One  hammer  isolated 


Two  hammers  isolated 


Three  hammers  isolated 


Four  hammers  isolated 


Amount  ol 
laakigt, 
dm 

Eledrical 

damanif, 

kW 

3745 

584 

925 

144 

3285 

512 

750 

109 

2365 

369 

675 

100 

Annual 

electrical 

consumption, 

kWh 


2,455,000 

665.000 


2,165,000 

500.000 


1,505,000 

400.000 


Annual 
electrical 
consumption 
cost,  dollars 


74,632 

20,216 


65.816 

15,170 


Annual 
electrical 
demand 
cost,  dollars 


66.576 

16.416 


Total  annual 
electrical 
cost,  dollars 


141,208 

36.632 


124.184 

27,596 


Cost  per  day, 
dollars 


All  hammers  isolated 


Air  costs  August  1991 
June  1992 
Total  reduction 


about  $750.000/ycar;  when  operating 
costs  arc  added,  power  costs  total 
$900,000. 

Lyons’  first  air  audit,  conducted  in 
August  1991,  revealed  leaks  of  3745 
cfm,  nearly  20  percent  of  the  plant’s 
capacity.  It  required  one  200  Iip  and 
two  250  hp  comprc.s.sors  just  to  satisfy 
the  lertks — at  a  cost  of  $157,130  for 
electricity  and  $60,000  in  operating 


costs  (including  labor,  parts,  and  lubri¬ 
cant). 

The  next  step  was  i.solaling  the 
leaks.  Lyons  found  six  major  leaks, 
plus  many  small  leaks,  and  set  out  to 
correct  them. 

A  month  later,  three  major  leaks  had 
been  eliminated,  along  with  many  mi¬ 
nor  leaks;  however,  three  new  major 
leaks  had  been  delected.  “We  are  mov- 


$202,208 

$46,632 

$155,576 


ing  in  the  right  direction,  hut  we  still 
have  a  long  way  to  go.”  he  told  his 
staff. 

Lyons  says  the  most  difficult  part  of 
controlling  the  leaks  was  getting  asso¬ 
ciates  to  report  them.  “Tliey  thought 
the  leaks  were  normal  and  did  not  re¬ 
port  them.”  he  says. 

A  .scries  of  weekly  plant  meetings 
was  .started  to  enlighten  everyone  as  to 
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the  extremely  high  cost  of  air  leaks. 
These  meetings  were  very  success¬ 
ful.”  Lyons  reports. 

In  the  first  6  months,  air  leaakage 
was  reduced  from  3745  cfm  to  1050 
cfm.  representing  savings  of  $107,820 
in  ekctricity  and  $40,000  in  operating 
costs.. 

Leaks  go  back  Up 

Soon,  however,  air  losses  from  leaks 
began  to  rise  again.  Lyons  attributed 
the  increase  to  a  combination  of  recur¬ 
ring  leaks  and  failure  lo  .stress  the  im¬ 
portance  of  the  minibcr.s.  In  January 
1992.  Conley  began  implementation 
of  a  total  quality  management  pro¬ 
gram  that  included  total  quality  main¬ 
tenance. 

As  part  of  the  program  Lyons  asked 
Duncan  Campbell  of  Motion  Indus¬ 
tries  to  set  up  training  sessions  fur  the 
maintenance  department  and  other 
staff.  Several  sessions  were  held  on 
beaarings,  chains,  and  couplings,  and 
then  a  series  of  four  sessions  on  leaks. 


';^sp[n  the  first 
months, 
T^Birieakage 
’^ii^as  reduced 
4from3745  cfm 


Lociiic's  PST  Pipe  Sealant  565  and 
I^x:t|tiic  Primer  N  were  u.scd  lo  .sc.il 

pipe  joints  and  other  plumbing  in  the 
plant.  “Before  using  these  products, 
we  had  recurring  leaks.  Lyons  says. 
“We.  d  fix  a  leaik  on  Monday  and  it 
would  be  back  on  Thursday  due  to  the 
vibration  caused  by  our  big  air  ham¬ 
mers.  Since  we  started  using  these 
products,  no  leaks  have  recurred." 


Major  leaks  were  altribulcd  lo  pans 
will)  mechanical  .seals.  Minoi  Ictiks 
(K-curred  in  ihreaded  pans  such  as  pipe 
IlllingMhal  wereeasiK  sealed  vMih  die 
pipe  .scalanl.  About  10  perceni  of  ihc 
.savings  were  attributetl  lo  use  of  die 
l.oclile  protlucls. 

As  III  June  1002. 1.ytuis  lepiuls  that 
his  phmt  had  ret  need  ma|oi  com- 
prc.ssed  ;iir  leaks  It  02.*)  cfm  anti  ininoi 
leaks  lo  100  cfm.  In  le.ss  than  :i  scar, 
he  and  his  staff  have  broughl  costs 
down  .1!l.‘i5..‘i76. 

The  tievelopmeni  of  die  ait  .•unlit/ 
leak  prcvcniion  program  is  |usi  one 
example  of  how  Lyons  has  changetl 
his  niaiiilcnancc  dcpanmeni  iron)  an 
overhead  cost  (nr  necessary  evil)  lo  a 
vtiluabic  ]irofii  ccnicr. 

/n[i>ri)ujtioii  supplied  by  Steve  'leu- 
humlfcld  of  Loeiiic  Corp..  Newiiiutoii. 
CT. 
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PLANT  PRODUCTIVITY 


Evaluating,  Sizing  and 
Selecting  Air  Compressors 

Bt  R.  S(  OT  Foss 


Nme  rules  of 
thumb  when 
adding  a  new  air 
compressor  to  the 
plant's  compressed 
air  system. 


Campressor  Options: 

Locjfing  the  best 
type  and  brand  nf 
air  compressor  for 
an  application 
will  depend  on 
key  criteria  sitcb 
as  energy  cost, 
operating  tinic 
and  system 
conipatability. 


The  fact  that  ettmpressed  air  is  a  utility  does  not 
make  it  as  east  to  obtain  as  electricity,  water, 
gas,  etc.  It  IS  not  practical  to  transport  the 
energy  of  compressed  air  over  long  distances;  other¬ 
wise,  It  could  he  purchased  from  a  central  station. 
Yet  It  IS  vit.il  to  ever)  plant  engineer.  Viih  ver\  few 
exceptions,  plants  must  operate  their  own  compres¬ 
sors,  which  arc  the  heart  and  the  suppK  of  a  rather 
complex  system. 

The  use  tif  compressed  air  in  the  U.S.  is  increasing 
rapidK .  This  is  important  to  every  plant  because  the 
increasing  use  of  compressed  air  devices  goes  to  a 
company's  bottoniline  as  increased  operating  cost. 
Most  production  personnel  have  no  idea  how  much 
air  they  use  or  what  n  costs,  so  its  application  has  no 
known  business  consequences.  Consequently,  many 
plants  are  plat  ingcatch-up  in  regards  to  this  technol¬ 
ogs.  V'lth  little  knoss  ledge  about  demand  manage¬ 
ment,  most  plant  engineers  feel  the  resulting  low 
production  pressure  must  be  corrected  by  adding 
compressors.  There  should  be  a  relationship  between 
productivits  and  compressor  posser,  so  plant  per¬ 


sonnel  find  themselves  in  a  dilemma  when  the  next 
compresstir  is  requested  and  there  has  been  no 
increase  in  production  to  warrant  it. 

When  It  comes  time  to  select  the  type  and  brand 
of  compressor  for  a  compressed  air  system,  w  hether 
for  a  new  system  or  to  correct  a  problem  in  an 
existing  one,  the  decision  can  be  confusing  at  best. 
Sizes  and  types  of  plant  air  compressors  (90- 1  ^  psig) 
cover  a  wide  spectrum.  Size  selection  and  numerous 
opinions  regarding  product  features  can  make  the 
choice  a  confusing  exercise  in  many  pl.ints.  where 
machines  of  different  sizes  and  types  m.as  be  operat¬ 
ing  together.  All  compresstir  types  can  be  dri\  en  b\ 
prime  movers  other  than  electric  motors  with  more 
or  less  ease.  Turbine,  steam,  oil  or  gas  arc  the 
primars  alternatives. 

NARROWING  COMPRESSOR  OPTIONS 

At  this  point  in  the  discussion,  one  would  expect  a 
biased  suggestion  as  to  which  of  these  compressor 
types  15  best.  Let's  examine  this  issue  from  a  variety 
of  points  of  view.  In  general,  a  number  of  issues  must 
be  examined  first  in  order 
to  hone  m  on  this  difticult 
subieci: 

Energy  Cost:  The  cost  of  en- 
ergv  to  operate  a  compres¬ 
stir,  depending  on  the 
number  ol  shifts  and  cost 
per  kilowatt,  is  so  signifi¬ 
cant  that  m  almost  every 
case  It  IS  the  most  impor¬ 
tant  selection  criteria. 
Equipment  Interfoce:  iX-spne 
Item  “A,”  the  characteris¬ 
tics  of  the  system  and  the 
way  the  compressors  will 
work  together  in  all  shifts, 
loads  and  conditions  will 
easily  outweigh  individual 
machine  performance  or 
unique  feature  offered  in 
any  one  type  of  machine. 
Inappropriately  applied, 
the  most  efficient  com¬ 
pressor  will  be  a  costly 
mistake.  Ton  little  consid- 


Single  Atfing 
Double  Acting 


Dynomit  Type; 
(enliifugol 

Axial 


Types  of  Air  Compressors 
irrrnTTTtrr? 

1-  ond  2-stoge,  lubiiioted  oi  non-lube  (no  tonlotf  toolingj 

1-  and  2-stoge,  lubricated  or  non-lube;  2-,  3-  ond  5-step  controls  (no 
contoct  cooling) 


2-,  3-  ond  4-stage,  non-lube  (no  contact  cooling] 
1-,  2-  ond  3-stage,  non-lufae  (no  contact  cooling) 


Positive  Diiplottmcnt  Type: 
Sliding  Vane 

Flooded  Vone 

Dry  Screw 

Flooded  Screw 


2-$toge,  iubekoted  (no  contact  cooling) 

1- sfoge  (no  contoct  cooling] 

2- $foge  (no  contoct  cooling] 
l-stoge  (with  contoct  tooling] 
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eration  is  given  to  the  interface  of  existing 
machines  and  the  application.  Generally, 
emphasis  is  placed  on  test  cell  data,  peak 
load  only,  and  hypothetical  performance. 
Recently,  the  president  of  a  major  com¬ 
pressor  manufacturer  said  that  to  buy  the 
most  efficient  compressor  and  put  it  in  a 
poorly-configured  and  managed  system 
would  be  like  buying  a  Corvette  and 
driving  It  with  the  handbrake  on. 

Operoting  Timt:  The  best  way  to  operate 
a  compressor,  from  every  point  of  view,  is 
off.  Jf  load  variations  can  justify  it,  espe¬ 
cially  across  shifts,  you  arc  better  off  with 
smaller,  more  efficient  machines  capable 
of  shutting  off  and  turning  on  rather  than 
larger  machines  which  are  more  efficient 
either  at  full  load,  pan  load  or  both. 
Entirely  too  many  jobs  are  evaluated  only 
on  peak  and  first  shift  -  consequently, 
most  compressors  arc  oversized,  inefficient 
(regardless  of  hypothetical  efficiency)  and 
prone  to  maintcn.incc  problems.  Mans 
people  oversize  the  compressor  based  on 
projected  demand  in  the  future,  feeling 
thes  will  avoid  the  need  to  get  another 
machine  in  a  year  or  two.  Despite  these 
good  intentions,  thcadded  cost  for  energy 
and  maintenance  for  one  year  will  out¬ 
weigh  the  intended  savings  in  capital  and 
significantly  reduce  the  useful  life  of  the 
machine. 

OtRiend  Event: The  volumetric  size  of  the 
demand  events  that  occur  in  the  system 
should  be  examined  carefully  as  a  criteria 
for  size  and  type  selection.  If  you  have  a 
2000  scfm  peak,  and  the  demand  ramps 
up  to  th.nt  point  with  the  largest  single 
demand  event  being  200  scfm,  two  1000 
cfm  compressors  will  be  a  problem.  You 
will  waste  a  great  deal  of  energy  and  will 
probably  have  a  difficult  time  controlling 
pressure  swings  in  the  system.  With  cen¬ 
trifugal  compressors,  you  may  have 
problems  with  surge  because  of  the  size  of 
the  initial  response  to  the  small  size  of  the 
demand  events  -  resulting  in  the  need  to 
run  both  compressors  all  the  time,  using 
either  controls  or  overboarding  to  reduce 
problems  caused  by  the  dissimilar  size  of 
supply  and  event  size. 

Cwiipotfeility:  Although  virtually  all  air 
systems  have  two  or  more  compressors, 
installation  and  operations  manuals  as¬ 
sume  the  unit  will  operate  independently. 
Always  consider  what  you  have,  how  it 
will  interface  and  what  needs  to  be  done 
to  the  new  and  old  equipment  to  achieve 
the  best  systems  performance  for  all  con¬ 
ditions. 

t«se  Lead,  Trim  Lood:  All  base  load  ma¬ 
chines  should  be  the  same  type.  All  trim 
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machines  should  be  the  same  type.  All 
base  load  machines  should  not  necessar¬ 
ily  be  the  same  as  all  trim  machines.  In 
seleaing  base  load,  energy  is  the  most 
important  issue.  In  trim  load  flexibility, 
control  speed,  maintenance,  sizing  and 
the  ability  to  start  and  stop  automatically 
are  more  critical.  Although  it  is  not  nor¬ 
mally  the  case  to  mix  types  of  compres¬ 
sors  in  larger  systems,  it  is  practical  in 
order  to  get  the  best  of  all  worlds  in  terms 
of  energy  and  maintenance.  Only  where 
you  have  a  relatively  predictable  load, 
such  as  a  process  application  jr  where 
much  planning  has  gone  into  “balanc¬ 
ing"  the  system,  is  this  not  necessarily 
true. 

Eagtneering:  All  or  part  of  every  per¬ 
ceived  systems  problem  can  be  solved 
through  an  engineering  effort  and  pa¬ 
tience.  The  same  problem  can  usually 
also  be  solved  by  compensating  with  ad¬ 
ditional  compressors.  Corrective  action 
in  the  system  always  yields  the  best  return 
on  tns'cstmcnt  and  it  usually  requires  less 
or  no  additional  compressor  horsepower. 

System  Design:  U'hen  the  compressed  air 
system  is  designed  from  the  compressor 
out  to  the  using  devices,  unless  a  signifi¬ 
cant  factor  IS  assumed  for  either  volume 
or  pressure,  the  results  will  be  less  than 
desired. 

Application:  In  virtually  every  case  where 
an  individual  or  company  has  biased 
themselves  against  a  type  of  compressor, 
the  compressor  or  compressors  have  been 
inappropriately  applied.  The  most  com¬ 
mon  mistakes,  in  order  of  priority,  arc: 

•  Incorrect  sizing  -  primarily  too  large 
and  occasionally  too  small. 

•  A  significant  absence  of  "point  of  use” 
regulation  or  intermediate  pressure 
control  and  the  inability  to  maintain 
an  adequate  control  differential  be¬ 
tween  supply  and  demand.  This  should 
be  a  controlled  delta,  not  one  created 
by  flow  restriction  pressure  drop  in  the 
piping, 

•  Operating  all  compressors  on  their 
independent  controls  where  all  units 
are  producing  less  than  full  capacity. 
Just  because  they  are  running  does  not 
mean  they  are  fully  loaded. 

•  Poor  compressor  room  ventilation. 

COMPRESSOR  UMITAT10NS 

In  all  of  the  above  instances,  numerous 
problems  will  show  up  six  to  12  months 
after  start-up.  Despite  good  maintenance 
practices  and  periodic  troubleshooting, 
problems  will  piersist  -  and  not  always  the 
same  way.  In  addition,  the  compressor(s) 


will  be  inefficient.  Although  not  dii 
related  to  the  compressor(s),  it  shou 
noted  that  because  of  velocity  and 
peraturc  variations  inherent  witi 
above  conditions,  it  would  be  diffic^ 
provide  clean,  dry  compressed  air  cc 
tently.  When  the  above  issues  an 
considered,  frequently  you  will  find ; 
self  adding  new  compressor  horsep 
in  unreasonably  short  period',  of 
Please  note:  this  does  not  suggest  th 
of  “fudge  factors."  Proper  design  req 
understanding  demand  at  the  poi 
use,  design  losses,  control  energy  co 
erations  such  as  rate  of  decay,  spe 
transmission  and  control  speed  from  s 
to  rc.'ponse.  Also,  everything  shou 
examined  in  terms  of  pressure,  vol 
storage  and  real  time  -  not  compr 
time.  Once  these  issues  have  been  n 
down  and  you  have  selected  piping, 
trols  and  contaminant  removal  ei 
ment.  then  you  may  select  the  tyj 
types  of  compressor(s),  size  atcordi 
the  energy  issues  already  meniionec 
determine  how  you  intend  to  use 
(either  base  load,  trim  or  bothi. 

Most  salesmen  don’t  want  to  talk  i 
the  downside  of  their  equipment,  hov 
all  compressors  have  limitations.  ! 
arc  extremely  flexible  and  lo«  in  r 
tenance,  but  inefficient.  Other  type 
hypothetically  very  efficient  hut  ar 
piensive  in  terms  of  maintenance  ' 
run  flat  out.  When  oversized  to  unlo 
part  load  a  reasonable  part  of  the 
these  very  efficient  compressors  lose 
attractiveness  with  larger  motoi 
achieve  the  unloading.  Some  arc  exet 
in  terms  of  a  balance  of  cfficicncs  ani 
part  load  only  in  a  limited  portion  r 
uppermost  range  of  the  machine.  ! 
types  have  such  slow  control  speed 
do  not  fit  well  in  many  systems  for 
service,  regardless  of  other  benefits 

Since  limitations  are  not  discussi 
most  manufacturers,  it  is  hard  tti  idc 
what’s  what.  In  most  cases,  knowled 
these  limitations  will  prove  to  be 
important  than  benefits. 

Scot  Foss,  president  of  Plant  Air  ' 
nology  m  Charlotte,  North  Carnlti 
an  independent  consultant  who  spi 
izes  in  troubleshooting  compresses 
systems.  He  is  a  member  of  AIPE 's 
cation  &Traintng  Committee.  This  a 
is  excerpted  from  his  forthcoming  ( 
pressed  Air  Systems  Workbook. 


fm  oar*  hfiragtiaa  w  tUt  artid*, 
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Guide  to  Air  Compressors 


A  compact  look  at 
klustrial  air 
compressors,  their 
ratings  and 
features. 


Today’s  compressed  air  systems  play  a  central 
role  In  facilities  operations,  accounting  for  up 

to  30  percent  of  total  energy  usage  in  Ameri¬ 
can  industry.  Virtually  every  plant  and  facilities 
engineer  is  Involved  in  the  purchase,  design  and/or 
maintenance  of  this  critical  equipment.  Frequently, 

decisions  about  sizing  and  selecting  air  compressors 
can  be  difficult.  For  that  reason,  AIPE  FACILITIES 
has  compiled  this  guide. 

As  with  past  Product/Service  Reviews,  this  “com¬ 
parison  stud)  "  IS  based  on  surveys  completed  by  air 
compressor  manufacturers  and  OEMs.  In  develop¬ 
ing  the  initial  survey,  A /PE  /-AC/L/T/L'S polled  plant 
engineers  as  well  as  manufacturers  and  distributors 
about  the  basic  criteria  required  to  make  a  purchase 
decisioin  for  air  compressors.  In  particular,  plant 
engineers  responded  that  they  needed  comparison 
data  to  help  evaluate  the  factors  affecting  life  cycle 
costs  and  the  features  and  benefits  of  each  product 
line. 

COMPARING  EQUIPMENT  PARAMETERS 
Both  buyers  and  suppliers  noted  three  distinct  diffi¬ 
culties  in  comparing  equipment: 

1  The  air  compressor  industry  has  not  established 
universally-accepted  standards  to  compare  air 
compressors.  This  can  create  problems  for  buyers 
in  making  valid  comparisons  between  air  com¬ 
pressors  from  a  range  of  manufacturers.  In  our 
survey,  we  attempted  to  avoid  ambiguity  in  re¬ 
sponses  to  some  questions  by  carefully  defining 
the  most  important  equipment  parameters. 
However,  many  distrihutors  and  manufacturers 
warned  that  extreme  care  is  needed  to  ensure  the 
buyer  is  “comparing  apples  to  apples  when 
selecting  a  compressor. 

Z  •  The  number  of  key  parameters  to  be  evaluated,  in 
fact,  is  vast,  so  AIPE  FACILITIES  requested  in¬ 
formation  based  on  limited  scenarios,  e.g.  BHP/ 
100  scfm  under  full  load  conditions.  When 
evaluating  compressors,  facilities  engineers  need 
to  compare  equipment  parameters  within  the 
range  of  full-  and  part-load  operating  conditions 
anticipated. 

•  Most  product  lines  consist  of  a  wide  range  of  units 

varying  in  pressures,  capacities  and  motor  horse¬ 
power.  To  keep  this  review  compact,  AIPE  FA¬ 


CILITIES  covers  only  broad  product  lines  witl 

numerical  ranges  of  values  across  these  lines. 

Although  many  product  features  and  equipmen 
parameters  were  considered,  the  final  list  was  nar 
rowed  to  only  a  few  key  areas.  The  review  itself  i 
divided  into  four  ma|or  compressor  categories 
“Reciprocating"  (Single  and  Double  Acting).  “Ro 
tary  Screw,"  “Centrifugal"  and  “Other."  This  las 
category  includes  Rotary  Lobe  and  Rotary  Scrol 
compressors.  Also  included  is  sub-category  infor 
mation,  such  as  whether  the  air  compressor  is  “'oil 
free,"  the  horsepower  range  and  the  number  o 
stages.  The  range  for  maximum  scfm  at  100  psig  i 
reported  for  the  product  line. 

lEYOND  THE  RATINGS 

To  provide  a  rough  estimate  of  several  lifecycli 
factors,  suppliers  were  asked  to  report  parameter 
such  as:  the  BHP/1 00  scfm  range  for  the  product  line 
the  expected  overall  longevity  in  operating  hours 
the  approximate  cost  of  spare  parts  to  be  stocked 
and  requirements  for  special  lubricants.  Particula 
care  should  be  exercised  in  using  these  figures  fo 
purposes  of  comparison.  For  example,  the  longevit; 
of  equipment  can  vary  significantly,  depending  oi 
assumptions  made  about  parameters  such  as  pressure 
speed  and  operating  environment.  Also,  it  should  h 
noted  the  cost  of  maintenance  to  attain  hingcvit; 
was  not  requested. 

Another  important  factor  in  determining  lifecycl 
cost  is  the  maintenance  cost  to  keep  the  air  compresso 
running  at  peak  operating  conditions.  Because  then 
are  so  many  aspects  of  maintenance,  we  chose  not  ti 
report  this  data.  When  comparing  compresso 
maintenance,  remember  to  consider  the  expcctei 
time  required  for  regular  maintenance  and  repairs 
the  cost  of  major  parts  needing  regular  replacemem 
and  the  complexity  of  maintenance  relative  to  you 
staff’s  capabilities. 

Our  first  product  review  of  air  compressc 
featuring  54  different  product  lines  available  fre 
14  manufacturers  and  OEMs,  begins  on  the  nex 
page.  For  additional  data  on  product  lines,  regiona 
offices  and  distributors,  and  the  availability  of  fac 
tory  engineering  support,  contaa  the  suppliers  listei 
in  the  “Company  Index"  on  page  41. 
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REaPROaiMG 


Company 

Atlos  Copco  Industrial  { 

Compressors  | 

Atlas  Copco  industrial 
Comptessors 

Alios  Copco  Industrial 
Compressors 

tiarkmer. 

A  Dover  Resources  Co. 

Pioduct  Line 

D-Series 

l-Series 

lEN-Series 

HD  162,  HD  362,  HD  602 

Soitype 

Double  Acting 

Single  Acting 

Single  Acting 

Single  Acting,  Oil-Fcee 

Motor  Konepowtr  Konge 

E=Eleflrit  Motor  Driven 
N=Hatural  Gas  Driven 

TsSleom  Turbine  Driven 

E 

4-125 

i 

E 

3-20 

E 

5-10 

E 

2-15 

Number  of  Stoges 

2  I  1  ond  2 

1 

1 

1 

Max.SCFMottOOpsig‘  (Kange) 

312-635  1 

t-61 

24-13  1 

10-28 

IHP/lOOSaM”  (Ungel 

11.3-19.0 

25.3-28.6 

n.9-29.7 

Spcdol  Lubriconts  Ntebed 

No 

No 

No 

No 

Appiox.  Cost  of  Spore  Ports 

Oimr  Musi  Stod 

0 

0 

0 

_ 

Expected  Overall  longevity 
in  Operating  Hours 

100,000-> 

30,000+ 

30,000+ 

Do  You  Monufocture 
losit  Compressor/Airend? 

Yes 

Yes 

Yes 

Yes 

Speciol  Features 

Ak-  and  Woter-Ceoled 

Cool  Running  V-Beh  or  Direct 
Drive 

Od-Less  iU  Cooled  V-lett  or  ]  Oil-Frte.  Ait-Cooled 

DktclOrive  j 

1 

1  REOPtOGmiiG  _ 

(ompony  1  Jlockmei,  j  llorkmer, 

A  Dover  Jesourtes  (o  A  Dover  Resources  (o 

Fluid  Energy  Koeset  Compressors  Inc 

ftodutiUne  i  HD  372,  HD  612  !  HDL372.  HDl  612 

OHT  Scries  j  Ameriromp 

Subtype  j  Single  Acting.  Air-Cooled  [  Single  Acting,  Woier-Cooled  1  M-Uss  j  Single  Acting 

Motor  Horsepower  Ronge  i  E  [  F 

E=Electrit  Motor  Driven  1  3-15  j  3-lS 

NrHalurol  Gas  Driven  1 

TsSleom  Turbine  Driven  ; 

1  ' 

E 

1-30 

t 

5 

, 

1 

Number  of  Stages  j  2  •  7 

1 

1 

Mox.SCFMfltlOOpsig'  (Range) 

19-39 

19-39 

U.2 

18 

IHP/IOOSCFM"  (Ronge) 

) 

1 

28.3 

Vories 

Speciol  Lubrkonts  Needed 

No 

No 

No 

No 

Approx.  Cost  of  Spore  Ports 

Owner  Alusi  Stock 

S250 

Expected  Ovttofl  Longevity 
in  Operotmg  Hours 

hidifintle  with  scheduled 
Hintenonce 

10,000 

Do  You  Monufocture 
task  Compressor/Aircnd? 

Yts 

1 

Yes 

No,Mta(hi 

Yes 

Speciof  Features 

Oi-Fiee,  Ak-Csoied 

Ak-Csoied,  Od-lcss 
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RECIPROaTiNG 


Company 

Quincy  Compressor 

Quincy  Compressor 

Quincy  Comprtssor 

Soylor-Beoll  Mfg  Co. 

PraduaUne 

Qlt-25 

QIO  Oil-Less 

QT 

700  Series 

Sobtype 

Single  Acting 

Single  Actmg 

Single  Acting 

Uoloi  Hocstpowci  Xongt 

E 

E 

E 

E 

E=El*ctrK  Molar  Driven 
NzNoturol  Gn  Diivin 

TxSltom  Turbine  Oiivin 

1/3-25 

5-15 

3-30 

MO 

Number  of  Stosei 

I  Bnd2 

1 

2 

Mox.  SCFM  o1 100  psig'  (tonge) 

»5 

'  to 

120 

3S 

IHP/IOOSCFM"  (longe) 

V«ies 

Varies 

Verias 

2A.A 

Speaol  lubrieonts  Needed 

No 

OilLns 

Ho 

No 

Approt.  Cast  of  Spore  Ports 

OsM  Must  Slock 

S20 

SIS 

SIO 

SI  00 

Ezpecltd  Overall  longevity 
in  Operating  Hours 

10,000 

50.000 

SO.OOO 

10,000 

Do  Tou  Manufacture 
losic  Compiessor/Airend’ 

Tes 

Yes 

Yes 

Yes 

Specioi  Feolures 

Piessurc  Lubiicoted  Sprn-On  Oil 

Oil'Less.  Single  Stoge, 

Cost  Iron,  Splosh  Lubncoted, 

nilet,  Cost  Iron 

2  and  3  Cyfmdei 

Tvo-Stoge 

: 

REOPROaTlNG 


Company 

Soyfoi-Rtflll  Mfg  Co 

Soylor-Seoll  Mfg  Co. 

Scales  Air  Compressor  i  Scoles  An  Compressor 

Pioduct  line 

WOO  Series 

CO  Scries 

SQR  ,  SQRR 

Subtype 

Single  Acting  Double  Acting  Oil-Free 

Molot  Horsepower  Range 

ExElectric  Molot  Driven 
NxNoturol  Gas  Driven 

TxSieom  Turbine  Driven 

E 

15-30 

E 

1-15 

E  ;  E 

1/3-25  20-500 

Number  of  Stoges 

2 

2 

land2  1  1-5 

Mox.  SCFM  ot  too  psig'  (Range) 

102 

51 

95  i  2700 

IHP/IOOSCFM"  (Range) 

2U 

24.4 

23.1 

19.0 

Spedoi  Lubrkonis  Needed 

No 

Ho 

No 

No 

Approx  Cost  of  Spore  Ports 

Must  Stock 

S250 

S175 

U/A 

N/A 

Expected  Oveialt  longevity 
in  Optreting  Houn 

10,000 

10,000 

20,000  1  100,000^ 

Do  You  Monufoctuie 
lesk  Comprcssor/Airend? 

Yes 

Yes 

No,  Various  Alanufocturits  j  Ho,  VotiousMonufoctuiers 

1 

Specnl  Features 

Complete  Air  System  with  Dryer, 
Fihirs,  Compressors 

ftcssure  Lubricated,  Cost  iron,  Inge  Cyf'mders.  Slow  Speed, 

Slew  Speed  Oil-Free 

! 

••Cwfiw  toy  MCT—ffc  M  hri  W  IM  W  ■  iiiiiiiw. 
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RECIPROaTING 


Product  line 


UolK  Hof»pe*et  long* 
E=EI*ctrK  Motor  Dr'tven 
NzNoturol  Gn  Drivin 
TiSHemTurbini  Diivin 


IHP/IOOSCFM"  (Kongtl 


lubricsiits  Nndtd 


Approx.  Cast  of  Speri  Ports 
OiM  Must  Slock 


Exptcttd  Ovtroll  Longevity 
in  Operating  Hours 


Do  You  Monuiocture 
losic  Compressor/Airend’ 


Specioi  Features 


Ouincy  Compressor 


(»-25 


Single  Acting 


Pressure  Lubrkoted  Spin-On  Oil 
Met,  Cost  Iron 


Quincy  Contpressor 


Q!0  OD-Ltss 


Single  Actmg 


Oil-Less,  Single  Sloge, 
2  ond  3  Cylinder 


Quincy  Compressor 


Single  Acting 


Cost  Iron,  Splosh  Lubricoted. 
Two-Sloge 


Soyfor-Beoll  Mig  Co. 


700  Series 


E 

3-30 

E 

MO 

2 

120 

3S 

i 

Verias 

2A.A 

RECIPROCATING 


Company 


Soylor-Beall  Mig  Co 


WOO  Series 


Motor  Horsepower  Ronge 

E 

E=Electric  Motor  Driven 

15-30 

N=Naturol  Gas  Driven 

T=Sleom  Turbine  Driven 

IHP/100SCFM"(lange) 


Spedd  Lubrkonls  Needed 


Approx  Cost  of  Spore  Ports 
Ov^  Must  Stock 


Expected  OveroU  Longevity 
in  Opereting  Houn 


Do  You  Monufocture 
lek  Comprcssor/Airend? 


Speed  Features 


Soylor-Beoll  Mig  Co. 


0  Series 


Scoles  Air  Compressor 


SQK 


Single  Acting 


Scoles  All  Compressor 


SQRR 


Double  Acting  Oil-Free 


1  and2  1 

1-5 

»5 

2700 

- - - 

N/A 


20,000 


Ho.VoriousMonufDCturen 


lOO.OOOv 


Ho,  Various  Monufocturers 


Complete  All  System  with  Dryer,  1  Piessuce  Lukckoled,  Cost  Iren,  Large  Cyfmden.  Slow  Speed, 


Fihirs,  Compressors 


Sine  Speed 
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SCREW  -  - 

*  .  •  - 

Compony 

Ados  Copco  industrial 
Compressors 

Atlas  Copco  Industriol 
Compressors 

Atfos  Copco  Industriol 
Compressors 

Gordner-Denver  IMD 

frodiKtUnc 

6AS«ies 

6R-Series 

Zl-Sefies 

Ektro-Sorer 

Subtypt 

FTeodtd 

Flooded 

OS-Ftk 

Motor  Horstpowtt  Range 

E=EI«ctTi(  Motor  Driven 
NsNoturol  Cos  Driven 

TsSleom  Turbine  Driven 

E 

15-200 

E 

175-300 

E 

100-1000 

E 

lOO-SOO 

Number  of  Stoges 

1 

2 

2 

Max.SCFMal100psig'  (tonge) 

44-1000 

500-BS0ot290psig 

400-4100 

470-2,SB0 

IHP/IOOSCFM"  (Ronge) 

21.4-23.6 

36.8-37.6  at  290  psig 

19.9-21.5 

19.4  22.6 

Special  lubricants  Nitcied 

No 

No 

No 

N/A 

! 

Approx  Cost  of  Spore  Ports 

Dvmer  Must  Slock 

0 

0 

0 

S50 

\ 

1 

Expected  Overoll  longevity 
in  Opeioting  Hours 

40,000-1 

60,000^ 

100,000^ 

i  40,000+ 

‘ 

Do  You  Monulocture 

Bosic  Compressot/Airend’ 

Yes 

Yes 

Yes 

i 

Specioi  Features 

Woter-  otxi  Air-Cooled, 
low  Sound  Enclosure 

Water-  and  Air-Cooled, 

High  Pressure 

Woter-  and  Air-Cooled, 
Oil-Free,  Low  Sound  Erxlosure 

,  Aticro-Processor  (1 00  1 50  hp) 

;  Constant  Speed  Control  (200  500 
‘  hp) ,  Turn  Valve,  Capacity  Control 

SCREW 


Company 

Gordner-Denver  IMD 

Gotdnei  Denvei  IMD 

Goidnei-Denvei  IMD  Hilochi  Amento  ltd 

Product  line 

Bectro- Server  11 

Eleclro-Sctew 

Twistoir  HHochi-DSP 

t 

Subtype 

OR-Free 

Oil-Free 

Motor  Horsepower  Ronge 

E=Elec1tit  Motor  Driven 
N=NaluraI  Gas  Driven 

TsSteom  Turbine  Driven 

E 

40-150 

E 

15-200 

'  1  ^ 

50-75  I  20-400 

I 

1 

Humber  of  Stages 

1 

1 

1  '  lGnd2 

60-950 

225-340  j  1700  ' 

IHP/IOOSCFM"  (Range) 

20.4-22.5 

22.5-27.5 

22-24.1 

_ 

20-32 

Special  Lubrkonts  Needed 

N/A 

N/A  N/A 

No 

Approx.  Cost  of  Spore  Ports 

O^t  Must  Stock 

S50 

S50 

S50  1  S200 

Expected  Overoll  longevity 
in  Opctoling  Hours 

40,000+ 

40,000+ 

40,000+  1  50,000+ 

' 

Do  You  Monufocture 
losic  Compressot/Aitind? 

Yes 

Yes 

•  Yes  j  Yes 

_ 

Sptcwl  Feotures 

Iwtensrvt  injectian  lubrkotion 
System,  AAkro-Protessor  Touch 

Pad  Control 

leh-Dtiven(15'S0hp)  |  OR-Frec,  Direct  Drive,  Series  Provides  Oil-Free  Air 

Dkect-Ofive  (40-200  hp)  Atiero-  Mkro-PrKessor, 

Pioctssot,  Touch  Pod  Control  |  Touch  Pod  Control 
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SCREW  ^  ^ 


Cocnpony 


Product  lim 


Stifypt 


UolM  Honopowir  tango 
E=QKtrx  Motor  Driven 
NzNoturoI  Gos  Drrven 
TsSteom  Turirine  Driven 


Number  Stages 


Max.  SCFM  ot  100  psig*  (tange) 


IHP/100SaM"(tnngel 


Spodoi  Lubrkotrts  Netdetl 


Approx  Cost  of  Spore  Ports 
Owner  Musi  Stock 


Expected  Ovecoll  longevtry 
in  Operoting  Hours 


Do  You  Monufocture 
losit  Comprtssor/Airendt 


Special  Features 


-  '  r  V 


Mgerson-Kcnd 


Woter-ond  Atr-Coofed. 
AAOVODP  Motor,  bitefTrsys 
Control,  Star  Ocfto  Starter 


ingetsoli-Rond 

Kstser  Cempresson  Inc. 

UROI  Inlemotronal,  Ihl 

ssx 

Sipna  Profile 

wss 

jock  Sfloft  Drive.  Vorioble  Speed 
Central,  Unloaded  Ston 


Air-ond  Woter-Cooled 


Product  line 


Subtype 


Motor  Horsepower  Ronge 
E=Electrr(  Motor  Driven 
N=Notural  Gos  Driven 
T=Sleom  Turbine  Drrven 


Number  of  Stoges 


Mox.  SCFM  ot  i  00  psig’  (Rangel 


IHP/IOOSCFM”  (Ronge) 


Sfoooi  Ivbficanls  Needed 


Approx.  Cost  of  Spore  Ports 
Owner  Must  Stxk 


Expected  Overail  longevity 
in  Operotmg  Hours 


Do  You  Monufocture 
lesic  Compressor/Airend? 


Specvl  Features 


Quincy  Compressor 


QMA 


Quincy  Compressor 


QMS 


Quincy  Compressor 


OSI 


Slew  Speeds,  Direct  Drive, 
Medeioi  Oesign 


Medulor  Design, 
lose  or  link  M^ 


l«|i  letaes.  SMw  Spoeds, 

DM  Drive 


Quincy  Compressor 


QST 


loft  Drive,  Urge  Rotors, 
lee  M  Tank  Mount 


’MweoirfMmWmin  14.7  era.  UXMrr.U’t.  -CeeptmtaAiet  "MwMIieielMMW^Mwiue^ieiu. 
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CMpony 


MudliM 


Miter  Horufoatr  lange 
{aSKiric  Hetoc  Orntn 
laMstural  Ges  Dtinn 
TaSheniTwinOrinn 


MD.S(JMi(I00pig’(bnt«l 


iw/ioosaM*'(tMe() 


%rax.Cirit(Sf«f  P>ls 
OMrlhdSlKk 


EiyK)idOmiLn«tT»r 

MOfninfHeurt 


•t  T«  MawtKlure 


SfKxiftehm 


■|fi  PnmTM-Si^i 


%m.  Cm  ti  Sfvi  rarh 
Omt  Must  Stock 


ExfKtid  Owdl  LMgnrry 
M  OptrMiit  Hours 


Oi  Yw  HawfictuTi 
Igit  Cwfraisw/Airwrf? 


Sfol  rmurii 


1 


2»Yi5 


Vk 


Cmr^n'i 


fttductln 


Tip* 


Meter  HorsifOMr  longe 
EcEktiK  Motet  Orinn 
RkNoIuioI  Gos  Driven 
TaSteomlurkint  Dthrin 


HumkrifSMgcs 


Max.  SOM  It  100  pig*  (tenge) 


IHr/100SaM*'(lingt) 


Srfeir 


Sots  tf[»^iMMirfre^li  Siege 


SiriBlU2SM|ii  Stage 


Seiut 


Wem  CBugrtssots  Tt«-! 


I 


lS-31 


2i0-27i 


IIS-2000 


3IJ-25.0 


2 


515-3100 


110-20.0 


Tb»- Stage  EHKitncY  PVn 
Vike  EHicienry 


ARb  Cegce  Industinl 
(■lessors 

Pevttcx 

ZT-Series 

Sl-Series 

OI-fiM  letary  Like 

leterYSoofl 

1 

1 

25-100 

3-10 

2 

1 

IKMOO 

30 

25^21 

30-35 

10,000  4 

50,000 

Tee 

Til 

CiM  lOTtag  CmtaKi.  04ftee 
UvSiidbdiHei 

0l-lBa,btanr,  IotMibi 

ataMB  MM  ■  14  J  eeiL  MX  hMtar.  W‘t. 
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tuw«ttam« 


jANUAtY/FEIRUAKY 


—  =  8”  LINE 
-=  6"  LINE 

■  =  COMPRESSOR  STATION 
5  =  REGULATOR 
5  =  ISOLATION  VALVE 


C2Z3 


U.S.  NAVAL  STATION 


AS  CHOLLAS  CRFFV 


f/  / 

/ 

/ 


NASSCO  COMPRESSED  AIR  SYSTEM 

COMPRESSOR  STATIONS,  LOOP, 
REGUUTORS  AND  ISOLATION  VALVES 


I 


NASSCO  COMPRESSED  AIR  SYSTEM 


PORT. 


INGERSOU 
RAND 
#194 
1300  CFM 


NASSCO  AIR  COMPRESSORS 


BUILDING  70 


JOY  #181 

JOY  #179 

1200  CFM 

1200  CFM 

AIR  DRT. 
#175 


ilR  DRYER 
#173 


BUILDING  26 


AIF 

lECEl 


6 


COMPRESSED  AIR  SYSTEM 

COST  ANALYSIS 


Supply  Syst 


Bal’d  Syst 
□  Old  Units 


New  Units 


Additional  copies  of  this  report  can  be  obtained  from  the  National  Shipbuilding 
Research  Program  Coordinator  of  the  Bibliography  of  Publications  and  Microfiche  Index 
you  can  call  or  write  to  the  address  or  phone  number  listed  be  1 0  I/I , 


NSRP  Coordinator 
The  University  of  Michigan 
Transportation  Research  Institute 
Marine  Systems  Division 
2901  Baxter  Rd. 

Ann  Arbor,  MI  48109-2150 
Phone:  (313)  763-2465 
Fax:  (313)  936-1081 


